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1.0 TNTROMICTTON

A review of the performance and postflight condition of the STS-28
= Redesigned Solid Rocket Motor (RSRM) nozzles is presented in this document.

Applicable Discrepancy Reports (DRs) and Process Departures (PDs) are
presented in Section 5.0. The Nozzle Component Program Team (NCPT)
- performance evaluation and the Redesign Program Review Board (RPRB)

assessment is included in SectionAﬁ.O.

The STS-28 nozzle assemblies were flown on the RSRM Fifth Flight (Space

——

Shuttle Columbia) on 08 August 1989. The nozzles were a partially

i

= ' ‘submerged convergent/divergent movable design with an aft pivot point

{

flexible bearing. The nozzle assemblies (see Figure 1) incorporated the

followving features:

K

i

a. RSRM forward exit cone with snubber assembly

(i

. RSRM fixed housing

c. Structural backup Outer Boot Ring (OBR)

Rl

’*" d. RSRM cowl ring
e. RSRM nose inlet assembly
f. RSRM throat assembly
g. RSRM forward nose and aft inlet ring

— REVISION DOC NO. TWR-17 544[ voL
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h. RSRM aft exit cone Aassemhly with l.inear-Shaped Charge (1.80)
i. RTV backfill in Joints 1, 3, and 4

j. Use of EA913 NA adhesive in place of EA913 adhesive

k. Redesigned nozzle plug

1. Carbon Cloth Phenolic (CCP) with 75079pm,§odiumrcontent

Figures 2 and 3 show the CCP material usage for the STS-28 forward nozzle

and aft exit cone assemblies.
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2.0 OBRJECTTVES

The RSRM Fifth Flight test objectives, as outlined in TWR-17544, Vol. I
Flight Motor Set 360H005 Final Report/System Overview, are as follows

(CPW1-3600 paragraph numbers are in parentheses):

Objectives by Inspection:

G. Verify that flexible bearing seals operate within the specified
temperature range (3.2.1.2.3.b).

H. Verify that flexible bearing maintained a positive gas seal betwveen
its internal components (3.2.1.2.3d).

L. Inspect flexible bearing for damage due to water impact
(3.2.1.4.6).

N. Verify performance of the nozzle liner (3.2.1.4.13).
X. Verify that nozzle metal parts are reusable (3.2.1.9.b).

Y. Verify through flight demonstration and a postflight inspection
that the flexible bearing is reusable (3.2.1.9.c¢).

AJ. Verify by inspection the remaining nozzle ablative thicknesses
(3.3.6.1.2.7).

AK. Verify the nozzle performance margins of safety (3.3.6.1.2.8).
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3.0

SUMMARY/CONCTUISTONS

Compliance to the flight test objectives is discussed below.

G.

AJ.

AK.

REVISION

Both flex bearing seals operated as expected within the
specified temperature range.

Inspection of the flex bearings showed a positive gas seal was
maintained between the internal components.

There were no indications of damage to the flex bearings due to
vater impact.

No nozzle flame front liner erosion pockets were noted. All
vedgeouts observed occurred postburn and do not affect liner
performance. No prefire anomalies were found.

All metal parts which have gone through refurbishment are
acceptable for reuse. All other metal parts are in the
refurbishment cycle. None have been rejected to date.

Both flex bearings performed satisfactorily during flight. A
visual postflight inspection showed no evidence of anomalies.
The STS-28A (LH) flex bearing passed acceptance tests
(TWR-60080) and can be reused. The STS-28B (RH) flex bearing
was written up on DR 165119 for unacceptable unbond area. This
flex bearing has not undergone acceptance tests as yet.

All nozzle liner remaining ablative thicknesses have met the
design safety factors.

All nozzle liner performance margins of safety were zero or
greater.
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4.0 RRSULTS/DTSCUSSTON

All STS-28 postflight nozzle observations are discussed in detail below.
"CEP liner Performance Margins of Safety (PMS) are presented using measured
erosion, and corresponding measured char values adjusted to the end of

action time.

4,1 STS-28A (LH) Nozzle/Flex Bearing

Overall erosion of the STS-28A forward nozzle assembly CCP ablative liner
was smooth and uniform. All CCP delaminations, wedgeouts, and pop-ups were
determined to be postburn occurrences. Soot was observed in joint 2 up to
the primary O-ring, but there was no blowby, erosion, or heat effect to the

"primary O-rings.

Postflight subassembly flow surface gaps are shown in Figure 4. Overall

views of the nozzle are shown in Figures 5 through 7.

4.1.1 STS-28A Nozzle Components

STS-284 Aft Exit Cone Assembly

Overall views of the STS-28A aft exit cone fragment are shown in Figure 7.

TWR-17544
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The aft exit cone was severed aft of the compliance ring by the LSC. The
nozzle severance system performance was nominal. The exit cone cut was
clean, with no unusual tearing or breaking. The remaining aft exit cone
fragment showed missing CCP liner 360 degrees circumferentially. This is a
typical postflight observation and occurs at LSC firing and at splashdown.
Glass Cloth Phenolic (GCP) plies exposed by the missing liner showed no
signs of heat effect. A void in exposed EA%946 adhesive was found at
approximately 80 degrees and measured 3 inches axially by 1 inch

circumferentially. There was no metal exposed at this location.

A small pin-hole, approximately 0.010 inch in diameter, was found in the
polysulfide at 268 degrees. This was 0.10 inch inboard of the aft exit
cone shell. A small fiber, believed to be GCP, was embedded 1in the
pin-hole. A foreign residue was also found on the surface of the
polysulfide from 265 to 271 degrees. The residue was determined to be

silica and silicon with small traces of salt.

The polysulfide groove fill on the forward end of the aft exit cone showed
no separations. Postflight measurements of the polysulfide groove radial
width (Table 1) show that the GCP insulator did not pull away from the
aluminum shell during cooldown. The polysulfide shrank axially aft up to

0.08 inch.
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There were posthurn separations ohserved within the GCP measuring 0.020
inch radially and were noted on the Outer Diameter (0D) of the primary

O-ring groove from 135 to 150 degrees.

STS-28A Forward Exit Cone Assembly

The forward exit cone showed missing CCP liner over the center-to-aft
portion of the cone 360 degrees circumferentially. This is a typical
postflight observation and occurs at splashdown and during Diver Operated
Plug (DOP) insertion. The GCP 1insulator exposed by the missing liner
showed no signs of heat effect. The CCP liner remained bonded on the
forvard 12 inches, 360 degrees circumferentially, and on the aft 3-to-7
inches of the cone from 180 to 210 degrees. These portions showed nominal
erosion with no major washing or pocketing. The aft 3-to-7 inches of
intact liner at 180-to0-210 degrees showed the typical dimpled erosion
pattern that has occurred on all flight and static test forward exit cones.

The maximum radial depth of the dimpled erosion was 0.10 inch.

The aft end of the forward exit cone showed no bondline separations. The
forward end of the forward exit cone showved bondline separations between
the EA946 adhesive and the metal housing 360 degrees (with a maximum radial
width of the separation 0.040 1inch), cohesive separations within the
adhesive (0.020 inch maximum radial width) from 135-to-150 degrees, and

glass-to-glass separations from 0-to-5 degrees (0.015 inch maximum radial
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width), and 340-to0-345 degrees (0.010 inch maximum radial width).
Figure 8 1lists the location and radial width measurements of all
separations on the forward exit cone. These separations are typical
observations which have been seen on previous static test and flight

nozzles, and have been shown to occur postburn.

Photographs of the sectioned forward exit cone 1liner are presented in

Figures 9 through 12. Char and erosion analysis of the sections is
presented in Table 2. Figure 13 shows the location of the measurement
stations. All margins of safety were positive, with a minimum of 0.21

occurring at station 8 (180 degrees).
STS-28 Throat Assembly

The post-fired mean diameter of the throat was 55.975 inches (erosion rate
of 8.78 mils/second based on an action time of 120.5 seconds). RSRM Nozzle
postburn throat diameters have ranged from 55.787 to 56.048 1inches. The
flow surface bondline gap between the throat and throat inlet rings was

0.15 inch and is typical of past static test and flight nozzles.

Erosion of the throat and throat inlet rings was smooth and uniform with no

wedgeouts observed. Popped-up charred CCP material was observed on the
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forwvard 1.5 inches of the throat and throat inlet ring intermittently
around the circumference on the forvard ends of both rings. Sharp edges

— indicate the popped-up material occurred after motor operation.

Bondline separations between the EA913 NA adhesive and the steel throat
support housing were observed on the aft end 360 degrees circumferentially.
The maximum radial width of these separations wvas 0.040 inch.
- Metal-to-adhesive bondline separations measuring 0.01-t0-0.03 inch wide
radially were observed on the forvard end of the throat assembly
circumferentially except at 75-to-105, 165-to-180, and 270-t0-330 degrees.

Figure 14 lists the location and radial width measurements of all

(1

separations on the throat assembly. These separations are typical

observations which have been seen on previous static test and flight

nozzles and have been shown to occur postburn.

I

:

|

Photographs of the sectioned throat assembly liner are presented in Figures

NiE]

15 through 18. Char and erosion analysis of the sections is presented in

- Table 3. Figure 19 shows the location of the measurement stations. All

{

margins of safety were positive, with a minimum of 0.03 occurring at

P

station 8 (90 degrees).
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STS -28A Npse Tnlet Assemhly

The ply angle of the forward nose (-503) ring was checked and found to be
of the RSRM design. The flow surface bondline gap between the -503 ring
and the aft inlet (-504) ring was 0.20 inch. The flow surface bondline gap
between the -503 ring and the nose cap was 0.05 inch. These post-fired

measurements are typical of past static test and flight nozzles.

The forward nose (-503) and aft inlet (-504) rings showed smooth erosion
with no pockets or wash areas observed. One postburn wedgeout was found on
the forward 1.1 inches of the -504 ring at 40 degrees and measured 13.5
inches circumferentially by 0.45 inch radially. Popped-up charred CCP was
also noted on the forward 1.2 inches at 15 degrees. Slag deposits were
noted on the -503 ring. Impact marks, possibly due to loose debris, were
located at O, 185, and 245 degrees. The mark at 245 degrees was covered

wvith slag.

The nose cap exhibited typical minor wash areas on the forward 24 inches
(0.15 inch maximum radial depth). The aft 2-to-3 inches showed
intermittent popped-up charred CCP material and typical postburn wedgeouts
at 0-to-84, 110-to-248, 275-to-306, and 336-to-0 degrees from typical
postburn wedgeouts. The maximum radial depth was 0.65 inch at the cowl
interface. Sharp edges indicate the popped-up material and the wedgeouts
occurred after motor operation. No wedgeouts were observed on the forward

end of the nose cap.
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The aft end of the nose inlet assemhly (-504 ring aft end) showed metal to
adhesive bondline separations (0.01 inch maximum radial width) occurring
intermittently around the circumference. Figure 20 lists the location
and radial width measurements of all separations on the nose inlet
assembly. These separations are typical observations seen on previous
static test and flight nozzles and have been shown to occur postburn. No

separations occurred at the aft end of the nose cap.

Photographs of the sectioned nose inlet assembly rings are presented in
Figures 21 through 28. Char and erosion analysis of the sections  is
presented in Tables 4 and 5. All margins of safety were positive, with a
minimum of 0.15 occurring at station 32 (270 degrees) for the -503/-504
rings, and 0.03 occurring at station 24 (90 degrees) for the nose cap.

Figure 29 shows the nose inlet assembly erosion measurement stations.

STS-2BA Cowl Ring

Closeup views are shown 1in Figures 30 through 33. All cowl vent holes
appeared plugged with soot and slag on the OD of the ring except at 80, 90,

130, 180, 190, 200, 290, and 310 degrees. These remained partially open.

Typical ridged erosion was observed intermittently around the cowl

circumference. The forward portion of the ring eroded a maximum of 0.15
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inch greater than on the aft portion of the ring. This is a result of the
low ply angle of the cowl ring and has been observed on the majority of
flight and static test nozzles. Postburn wedgeouts and popped-up CCP were

observed on the aft 3-to-4 inches intermittently around the circumference.

There were no bondline separations on the forward end of the cowl ring.

Photographs of the sectioned cowl ring are presented in Figures 34 through

37.

Char and erosion analysis of the sections is presented in Table 6 (Stations
0 through 7). Figure 38 shows the location of the measurement stations.

All margins of safety were positive, with a minimum of 0.25 occurring at

station 2 (0 degrees).

STS-28A Outer Boot Ring/Flex Boot

Closeup views are shown in Figures 30 through 33.

The bondline between the OBR and cowl ring remained intact with no
indications of flow. The flow surface bondline gap was 0.20 inch and is

typical of past static test and flight nozzles.
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The =structural backup OBR was intact. The flowv surfaces shoved smonth
erosion with no pockets or wedgeouts. Intermittently, minor wash areas
extended from the cowl to the forward 1 inch of the OBR. Postburn,
popped-up charred CCP was found on the forward 2 inches intermittently.
The OBR aft end showed typical delaminations along the charred CCP plies.
The aft tip adjacent to the flex boot was fractured and wedged out

intermittently around the circumference. Sharp edges on the surfaces

indicate this occurred after motor operation.

Photographs of the sectioned OBR are presented in Figures 39 through 42.
Char and erosion analysis of the sections is presented in Table 6 (Stations
8 through 12). All margins of safety were positive, with a minimum of 0.48

occurring at station 11.3 (45 degrees).

The flex boot remained attached to the outer boot ring 360 degrees
circumferentially. The cavity side of the flex boot was evenly sooted and
showved no evidence of flow or erosion (Figures 43 through 45). It appeared
typical of previous flight and static test motor flex boots. A minimum of
3.25 NBR plies remained around the circumference after motor burn. Table 7
presents the flex boot material affected depths and Performance Margins of

Safety (PMS). The worst-case PMS was 0.26 at 270 and 315 degrees.
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STS-28A Fixed Housing

The fixed housing insulation erosion vas smooth and uniform (see Figures 5
and 6). Postburn wedgeouts of charred CCP material were observed on the

forvard 2 inches intermittently around the circumference. The maximum

the GCP.

Sepqgg;igns vere observed on the aft end of the fixed housing between the
metal and EA913 NA adhesive at 227 degrees, between the adhesive and GCP at
1235 degrees, and within the adhesive at 110 and 230 degrees. All

separations measured 0.005 inch radially.

The fixed housing aft flange showved no damage to the metal surfaces, bolt
holes, or O-ring grooves. No corrosion of the flange surface was observed,
except for minor surface rust on the alignment pin. A residue of white
Teflon tape adhesive was found on the steel flange next to the EA913 NA

bondline.
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Photographs of the sectioned fixed housing assembly liner are presented in
Figures 46 through 49. Char and erosion analyses of the sections are
presented 1in Table 8. Figure 50 shows the location of the measurement
stations. All margins of safety were positive, with a minimum of 0.52

occurring at station 3 (90 degrees).
STS-28A Bearing Protector

The bearing protector was sooted élong the entire length and circumference
(Figures 51 through 53). Slightly heavier soot and erosion were observed
in 1line with the cowl ring vent holes at the thickened portion, but there
was no bearing protector burn—thrbﬁgh; The largest erosion was 0.162 inch
at 90 degrees. There was no evidence of heat effect on the Inside Diameter

(ID) surface of the bearing protector.
STS-28A Flex Bearing

Examination of the flex bearing revealed no damage, soot, heat effect, or
flow indications (see Figures 54 and 55). All rubber pads, metal shims,
and end rings appeared to be in nominal condition. Subsequent
refurbishment and testing has verified that the flex bearing is acceptable

for reuse.
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4.1.7 STS-28A Nozzle Internal Joints

Descriptions of the STS-28A nozzle internal joints follows.

STS-28A Aft Exit Cone-to-Forward Exit Cone (Joint No. 1)

A cross-sectioned view of the STS-28A aft exit cone-to-forward exit cone
field joint is presented in Figure 56. Photographs of the postflight joint

are shown in Figures 57 through 62.

The backfilled RTV extended below the joint char line circumferentially
360 degrees. The backfill also reached the high pressure side of the
primary O-ring from 140-to-150, 180-t0-190, and 220-to-0 degrees. The

primary O-ring did not see pressure.

Examination of the joint showed a foreign powdery residue (see Figure 63)
appearing between 265 and 271 degrees, and a small pin-hole (0.10 inch
inboard of housing) at 268 degrees was found on the surface of the aft exit

cone polysulfide filled groove between the primary and secondary O-ring

groove. This residue was determined to be silica and silicon with traces
of salt,
REVISION DOC NO. TWR-17 5411 Vot
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The aft flange of the forvard exit cone was scratched at the 91.8-degree
location by a guide pin during aft exit cone demate. The scratch was
approximately 0.002 inch deep axially, 0.25 inch long circumferentially and

0.02 inch wide radially.

STS-28A Throat-to-Forward Exit Cone (Joint No. 4)

A cross-sectioned view of the STS-28A throat-to-forward exit cone joint is
presented in Figure 64. Photographs of the postflight joint are shown in

Figures 65 through 70.

The RTV backfill extended below the joint char line and reached to the
chamfer 360 degrees circumferentially. RTV reached the high pressure side
of the primary O-ring from 287-to-318 degrees. There were no blowpaths in

the joint.

Minor corrosion and pitting were observed on the forward end of the forward
exit cone at the adhesive/metal interface intermittently around the

circumference. There was no metal damage observed.

Intermittent light surface rust was observed on the aft end of the throat
support housing at the adhesive/metal interface. Rust stains were also
found on the CCP and GCP from 30-to-43 degrees. There was no pitting

observed on the metal surfaces.
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STS-78A Nnose Tnlet-to-Throat (.Inint No. 3)

A cross-sectioned view of the STS-28A nose inlet/throat joint is presented
in Figure 71. Photographs of the postflight joint are shown in Figures 72

through 77.

The RTV backfill extended below the joint char line 360 degrees
circumferentially. RTV completely filled the radial ID portion of the
joint circumferentially except at 288 degrees. RTV did not reach the high
pressure side of the primary O-ring. The primary O-ring did not see

pressure.

Aluminum oxide corrosion was observed on the aft end of the aluminum nose
inlet housing inboard of the primary O-ring around 75 percent of the
circumference, but no pitting was observed. There was no corrosion on the
forwvard end of the steel throat support housing. No metal damage was

observed.

STS-28A Nose Inlet-to-Bearing Forward End Ring-to-Cowl (Joint No. 2)

A cross-sectioned view of the STS-28A nose inlet/forwvard end ring/cowl
joint is presented in Figure 78. Photographs of the postflight joint are

shown in Figures 79 through 87.
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The RTV extended helaw the joint char line 360 degrees circumferentrially
and reached the axial portion of the joint approximately 80 percent
circumferentially. The radial bondline between the nose cap and cowl
showed RTV mixed withrthe EA913 NA adhesive 360 degrees circumferentially.
The adhesive was typically sandwiched between two layers of RTV. There was
no RTV extending to the primary O-ring. One blow path was observed at 318
degrees (see Figure"88),'but terminated within the RIV. Soot was observed
between the adhesive and RTV 360 degrees circumferentially. Sooting also
extended onto the nose inlet housingwéft end from 282-to-0-to-54 degrees
and reached the primary O-ring from 282-to-342 degrees. Sooting at
324-t0-336 degrees was found on the OD of the O-ring groove. The primary
O-ring saw pressure, but there was no evidence of blowby, erosion, or heat
effect. No soot was observed between the aft face of the forward end ring
flange and the forward face of the cowl housing, but these surfaces were

wet.

Minor corrosion was observed on the aluminum nose inlet housing surface,
but no rust was noted on the forward end ring flange. Minor corrosion was
also found on the aluminum cowl housing intermittently around the
circumference, but no pitting was observed. There was no damage found on

the metal surfaces.
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STS-78A Fixed Housing-to-Bearing Aft Fnd Ring (Joint No. 3) -
-

A cross-sectioned view of the STS-28A aft end ring/fixed housing joint is

presented in Figure 89. Photographs of the postflight joint are shown in -

Figures 90 through 95.
&=

RTV filled the radial gap between the bearing protector and inner boot —
-

ring 360 degrees circumferentially and filled approximately 50 percent of

the axial portion of the joint. RTV reached the high-pressure side of the ;;

primary O-ring at 10-to-20 and 120-to-125 degrees. There were no blowpaths _

observed in the joint. L
-

Heavy rust was found on the aft end ring aft tip on approximately 50

percent of the surface. No pitting was observed. Rust stains were also %%

observed on the axial portion of the fixed housing. No metal damage was -

found. -
=

4.2 STS-28A RH Nozzle/Flex Bearing

Overall erosion of the STS-28B forward nozzle assembly CCP ablative liners

was smooth and uniform. All CCP delaminations, wedgeouts, and pop-ups were s

determined to be postburn occurrences. Soot was observed in Joint 2 up to

the primary O-ring, but there was no blowby, erosion, or heat effect to the

primary O-ring. %;
=
=
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postflight subassembly flow surface gaps are shown 1in Figure 96. Overall

views of the nozzle are shown in Figures 97 through 100.

4.2.1 STS-28B Nozzle Components

STS-28B Aft Exit Cone Assembly

An overall view of the STS-28B aft exit cone fragment is shown in Figure

101.

The aft exit cone was severed aft of the compliance ring by the LSC. The
nozzle severance system performance was nominal. The exit cone cut was
clean, with no unusual tearing or breaking. The remaining aft exit cone
fragment showed missing CCP liner 360 degrees circumferentially. This is a
typical postflight observation and occurs at LSC firing and during
splashdown. GCP plies exposed by the missing liner showed no signs of heat
effect. Missing GCP plies on the aft 6 inches of the exit cone stub
exposed six small air voids in the EA946 bondline. The maximum size of the
voids was approximately 4 inches axially by 2 inches circumferentially.
These voids have been observed on previous postflight exit cones and are

inherent to the aft exit cone bonding process.
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There were no separations between the pnlysulfide and the aft exit cone
shell observed. postflight measurements of the polysulfide groove radial
wvidth (see Table 9) showed that the GCP insulator did not pull awvay from
the aluminum shell during cool-down. The average postflight radial width
of the polysulfide groove was 0.18 inch. The polysulfide appeared to have
shrunk axially aft up to 0.08 inch. There were no loose layers of

polysulfide observed in the groove.

There were no separations observed within the GCP insulator on the forward

end.

STS-28B Forward Exit Cone Assembly

The forwvard exit cone showed missing CCP liner over the center 15 inches of
the cone 360 degrees circumferentially. This is a typical postflight
observation and occurs at splashdown and during Diver Operated Plug (DOP)
insertion. The GCP insulator exposed by the missing liner showed no signs
of heat effect. Postburn wedgeouts of charred CCP were observed on the
forwvard 0.8 inch of the intact CCP 1liner at 0 and 340 degrees. These

wvedgeouts measured 11 and 12 inches long circumferentially, respectively,
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and approximately 0.7 1inch deep radially. Typical dimpled erosion was
observed on the intact liner aft 10 1inches and measured approximately 0.1

inch deep radially.

The aft end of the forward exit cone showed bondline separations between
the FEA946 adhesive and steel housing intermittently around the
circumference. The maximum radial width of the separations was 0.02 inch.
Bondline separations on the forward end of the forvard exit cone were noted
between the steel shell and the FEA946 adhesive 360 degrees
circumferentially. Figure 102 1lists the location and radial width
measurements of all separations on the forwvard exit cone. These are

typical observations which occur postburn.

Photographs of the sectioned forvard exit cone liner are presented in
Figures 103 through 105. Char and erosion analysis of the sections is
presented in Table 10. All margins of safety were positive, with a minimum

of 0.04 occurring at station 28 (90 degrees).
STS-28B Throat Assembly
The throat postflight mean diameter was 55.965 inches (erosion rate of 8.71

mils/second based on an action time of 120.8 seconds). RSRM nozzle

postburn throat diameters have ranged from 55.787 to 56.048 inches. The
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flow surface hondline gap between the throat and throat inlet rings was

0.18 inch and is typical of past static test and flight nozzles.

The throat and throat inlet rings eroded smoothly with no pockets or major
washes observed. The forward 1.3 inches of the throat ring showed
popped-up charred CCP material intermittently around the circumference.
Sharp edges indicate the popped-up material occurred after motor operation.
Intermittent postburn impact marks were noted on the throat ring. Marks
resulting from DOP insertion were observed on the throat ring

intermittently around the circumference.

Bondline separations on the aft end of the throat ring between the EA913 NA
adhesive and the steel throat support housing were observed 360 degrees
circumferentially with a radial separation of 0.035 inch. The forward end
of the throat inlet ring showved metal-to-adhesive bondline separations
at 0-to-105, 120-t0-210, and 225-to-345 degrees, with 0.02 inch maximum
radial separation. Figure 106 lists the location and radial width of the
measurements. These separations are typical observations seen on previous

test and flight nozzles and occur postburn.

Photographs of the sectioned throat assembly liner are presented in Figures
107 through 110. Char and erosion analysis of the sections is presented in
Table 11. All margins of safety were positive, with a minimum of 0.05

occurring at station 8 (90 and 180 degrees).
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STS-28B Nose Tnlet Assembly

The ply angle of the forwvard nose ring was checked and found to be of the
RSRM design. The flow surface bondline gap between the forward nose (-503)
ring and the aft inlet (-504) ring was 0.18 inch. The flow surface bondline
gap between the -503 ring and nose cap vas 0.05 inch. These postfired

measurements are typical of past static test and flight nozzles.

The -503 and -504 rings showed smooth erosion with no pockets or major
washes observed. Intermittent small wash areas (maximum radial depth of

0.10 inch) were observed on the -503 forward nose ring.

The nose cap exhibited typical minor wash areas on the forward 24 inches
360 degrees circumferentially (0.15 maximum radial depth). The aft 2-to-3
inches of the nose cap showed typical popped-up, charred CCP liner and
postburn wedgeouts intermittently around the circumference. These measured

approximately 0.7 inch deep radially at the cowl interface.

The aft end of the nose inlet assembly (-504 ring aft end) showed
metal-to-adhesive bondline separations measuring 0.01 inch wide radially

from 45—to~2707degrees. There vere no bondline separatidns observed on the

aft end of the nose cap. Figure 111 lists the location and radial width
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measurements of all separations on the nose 1inlet assembly. These
separations are typical observations seen on previous static test and

flight nozzles and occur postburn.

Photographs of the sectioned nose inlet assembly rings are presented in
Figures 112 through 119, Char and erosion analyses of the sections are
presented in Tables 12 and 13. All margins of safety were positive, with
a minimum of 0.19 occurring at station 39 (90 and 180 degrees) for the
-503/-504 rings, and 0.04 occurring at station 24 (270 degrees) for the

nose cap.

STS-28B Cowl Ring

All cowl vent holes appeared plugged with soot and slag on the 0D of the
ring except at 50, B0, and 110 degrees. These unplugged cowl vent holes

were located at wedgeout locations.

The cowl ring showed typical ridged erosion intermittently around the part
circumference. The forward portion of the ring eroded a maximum of 0.15
inch greater than the aft portion. This is a result of the low ply angle
of the cowl ring and has been observed on the majority of flight and static
test nozzles. Wedgeouts and popped-up charred CCP liner were observed on

the aft 2 inches of the cowl ring intermittently around the circumference.
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The maximum radial depth of the wedgeout was 0.7 inch at the outer hoot

ring interface.

There were no bondline separations on the forward end of the cowl ring.

Photographs of the sectioned cowl ring are presented in Figures 120 through
123. Char and erosion analysis of the sections is presented in Table 14
(Stations O through 7). All margins of safety were positive, with a

minimum of 0.22 occurring at station 2 (270 degrees).

STS-28B Quter Boot Ring/Flex Boot

The bondline between the outer boot ring and cowl ring remained intact with
no indications of flow. The flow surface bondline gap was 0.20 inch and is

typical of past static test and flight nozzles.

The structural backup outer boot ring was intact. The flow surfaces showed
smooth erosion with no pockets or major washes. One postburn wedgeout of
charred CCP material was observed on the OBR forward 1.5 inches at 172
degrees. The wedgeout measured 3.8 inches circumferentially, with a
maximum radial depth of 0.35 inch. Delaminations of charred CCP along the
35-degree plies were observed on the flow surface. Typical wedgeouts or

charred CCP were also found on the aft tip adjacent to the flex boot.
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Photographs of the sectijoned outer hoot ring are presented in Figures 124
through 127. Char and erosion analysis of the sections is presented in
Table 14 (Stations 8 through 11.3). All margins of safety were positive,

with a minimum of 0.07 occurring at station 9 (90 degrees).

The cavity side of the flex boot was evenly sooted and showed no evidence
of flow or erosion (Figures 128 through 130). It appeared typical of
previous flight and static test motor flex boots. A minimum of 3.25 NBR
plies remained around the circumference after motor burn. Table 15
presents the flex boot material affected depths and Performance Margins of

Safety. The worst-case PMS was 0.26 at 270 degrees.
STS-28B Fixed Housing Assembly

The fixed housing insulation showed smooth erosion with no pockets or major
waéhing observed. Postburn wedgeouts of charred CCP material were observed
on the forward 2.0 inches of the fixed housing insulation intermittently
around the circumference. The wedgeouts were a maximum of 0.5 inch deep

radially. There was no heat effect to the GCP.

There were no bondline separations observed on the forward end or aft end.
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Photographs of the sectioned fixed housing assembly liner are presented in
Figures 131 through 134. Char and erosion analysis of the sections is
presented in Table 16. All margins of safety were positive, with a minimum

of 0.27 occurring at station 10.75 (90 degrees).

STS-28B Bearing Protector

The bearing protector was sooted along the entire length and circumference
(see Figures 135 through 137). Heavier soot and erosion were observed in
line with the cowl ring vent holes at the thickened portion of the bearing
protector. The greatest erosion was 0.06 inch at 40 degrees. There was no

evidence of heat effect on the ID surface of the bearing protector.

STS-28B Flex Bearing

Visual examination of the flex bearing revealed no damage, soot, heat
effect, or flow indications (see Figures 138 and 139). All rubber pads,
metal shims, and end rings appeared to be in nominal condition. Subsequent
testing has shown an unacceptable unbond area. This was written up on DR

165119. Acceptance tests have not been completed.

TWR-1754
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4.72.2 STS--28B Nozzle Tnternal Jnints
Descriptions of the STS-28 nozzle internal joints follow.
STS-28B Aft Exit Cone-to-Forward Exit Cone (Joint No. 1)

A cross-sectioned view of the STS-28B aft exit cone-to-forward exit cone
field joint is presented in Figure 140. Photographs of the postflight

joint are shown in Figures 141 through 146.

The backfilled RTV extended below the joint char line 360 degrees
circumferentially. The RTV backfill extended to the high pressure side of
the primary O-ring from O-to-8, 63-to-67, 78-to-86, 97-to-120, 288-to-292,
and 300-to0-322 degrees. There were no blowpaths observed in the joint, and

the primary O-ring saw no pressure.

Light aluminum oxide corrosion was observed on the aft exit cone forvard
end between the primary and secondary O-ring grooves intermittently around
the circumference. Heavier corrosion was observed on the forward OD corner
of the aft exit cone shell intermittently around the circumference.
Pitting was observed at these locations, but it could not be determined if
the pitting resulted from this or previous flights. Light rust was also
observed on the forward exit cone aft end betveen the O-ring footprints,

intermittently around the circumference.
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Minor displaced metal was ohserved on the forwvard exit cone at the
91.8-degree  alignment pin-hole due to disassembly contact with the
alignment pin (see Figure 147). The displaced metal measured approximately

0.01 inch axially by 0.01 inch circumferentially by 0.28 inch radially.

STS-28B Throat-to-Forward Exit Cone (Joint No. 4)

A cross—sectioned view of the STS-28 throat-to-forward exit cone joint is
presented in Figure 148. Photographs of the postflight joint are shown in

Figures 149 through 154,

The RTV backfill extended below the joint <char line 360 degrees
circumferentially and extended on to the radial OD portion of the joint
at O-to-165, 172-t0o-200, and 308-to-0 degrees. RTV extended on to the
axial portion of the bondline from 200-t0-235 degrees and 263-to-308
degrees. RTV did not reach the high-pressure side of the primary O-ring.
The primary O-ring saw no pressure or evidence of blowby, erosion, or heat

effect. The GCP also showed no signs of heat effect.

Rust was observed on the throat housing at the adhesive/metal interface 360
degrees circumferentially, but there was no pitting. Grease coverage was

nominal. There was no metal damage observed.
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STS-78B Nnse Tnlet -to-Throat (Joint No. 3)

A cross-sectioned view of the STS-28 nose inlet-to-throat joint is
presented in Figure 155. Photographs of the postflight joint are shown in

Figures 156 through 161.

The RTV backfill extended below the joint char 1line 360 degrees
circumferentially. RTV did not reach the high pressure side of the primary
O-ring. RTV also extended onto the axial portionr of the joint on
approximately 50 percent of the circumference. The primary O-ring did not

see pressure.

Minor surface corrosion was observed on the aft end of the nose inlet
housing inboard of the primary O-ring, but no pitting was observed. There

was no corrosion on the forward end of the throat housing.

Inspection of the radial OD portion of the joint showed a wet, black
substance measuring approximately 2 inches circumferentially by 0.5 inch
radially by 0.04 inch thick axially at 203 degrees (see Figure 162). This
substance was located on the radial OD phenolic surfaces of the joint
immediately behind the RTV backfill. Upon removal from the surface, it

broke apart into a powdery form. The substance appeared fibrous.

In addition, there were no apparent blowpaths in the joint and no signs of

heat affected phenolics or RTV in the immediate area of the substance.
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Analysis shows the presence of Silicon (Si) - 49 percent, Aluminum (A1) -
17 percent, Magnesium (Mg) - 13 percent (probably from sea water), and Iron
(Fe) - 8 percent. Carbon, Hydrogen, Nitrogen (C,H,N) tests were also
performed on the samples. The results show 43 percent C, 0.5 percent N,
and 1.3 percent H. This material was determined to be a mixture of charred
RTV and CCP materials mixed with sea water. This was introduced into the

joint during splashdown.
STS-28B Nose Inlet-to-Bearing Forward End Ring-to-Cowl (Joint No. 2)

A cross-sectioned view of the STS-28 nose inlet-to-bearing forward end
ring-to-cowl joint is presented in Figure 163. Photographs of the

postflight joint are shown in Figures 164 through 172.

The RTV extended below the joint char line and reached to the axial portion
of the joint (forvard end ring flange) 360 degrees circumferentially. The
radial bondline between the nose cap and cowl showed RTV mixed with the
EA913 NA adhesive 360 degrees circumferentially. The adhesive was
typically sandwiched between two layers of RTV. No RTV extended to the
primary O-ring. Soot entered the joint 360 degrees circumferentially and
extended past the nose inlet housing bolt holes, but no distinct blowpaths
were observed. Soot was observed between the adhesive and RTV

intermittently around the circumference. Heavy soot also reached the
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primary O-ring at 1R-t0-38, 68-to-R4, 162-to-176, 195, 207, 228-to-234,
250-t0-258, 264-to-267, 270-to-281, 283-to-288, and 305 degrees. Heavy
sooting was from 270-to-0-to-30 degreés and was found on the RTV surface up
to the forward end ring flange. The cowl and nose cap SCP and GCP
insulators showed no heat effect. The primary O-ring saw pressure, but
there was no evidence of blowby, erosion, or heat effect. No soot was
observed between the aft face of the forward end ring flange and the

forward face of the cowl housing.

Intermittent light corrosion on the aft end of the nose inlet housing
adjacent to the bondline was observed. Minor intermittent corrosion was
also found on the aluminum cowl housing forward end, but pitting was not
present. Intermittent light rust was observed on the flange forward
surface of the bearing forward end ring. Paint was also chipped off the OD

surface. There was no damage found on the metal surfaces.
STS-28B Fixed Housing-to-Bearing Aft End Ring (Joint No. 5)

A cross—sectioned viev of the STS-28B fixed housing-to-bearing aft end ring
joint is presented in Figure 173. Photographs of the postflight joint are

shown in Figures 174 through 179.

RTV filled the radial portion of the joint 360 degrees circumferentially
and reached the high pressure side of the primary O-ring around 80 percent

of the circumference. Voids isolated within the RTV vere observed on the
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radial portion of the joint intermittently around the circumference, Imt
none reached the flex boot cavity. There were no blowpaths observed in the

joint, and the primary O-ring did not see pressure.

Heavy rust was found on the aft end ring aft tip where paint was chipped
off intermittently around the circumference. Minor rust stains were also
observed on the axial OD and ID portions of the fixed housing. No metal

damage was found.

4.3 Instrumentation

There was no Development Flight Instrumentation installed on the STS-28

nozzles.
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5.0 DTSCREPANCY RFPORTS AND PROCESS DEPARTURES

The STS-28 Nozzle DRs and PDs reviewed by the Morton Thiokol senior
material review board are included in Appendix A. These were presented in
the §STS-28 RSRM Acceptance Review Level III (TWR-). Brief descriptions of
the DRs and PDs, and correlations to postflight observations are discussed

below.

5.1 STS-28A DRs and PDs

Forward Exit Cone
DR 161110-01, Waiver No.: RWW445

Two LDIs located in the carbon phenolic liner starting at the interface and
running parallel to the ply direction. Postflight inspection of this part

did not reveal any propagation of the LDIs.

Nozzle Flex Bearing Assembly
DR 169467-02, Waiver No.: None
-03,

Total unbond area of rubber pads exceeds requirements.

The flex bearing passed all of the acceptance tests and postflight

refurbishment requirements.
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Outer Boot Ring, First Wrap
PD 169735-01, Waiver No.: None

Temperature was held at 220 : 10 °F for 113 minutes, 23 minutes over

maximum allowable. Postflight inspection showed no abnormal erosion.

Outer Boot Ring, First Wrap
PD 169735-02, Waiver No.: None

Temperature was reduced at an overall average rate of 0.689 °F/min.
Anomalous cooldown lasted 15 minutes, followed by a l-hour cooldown at an

acceptable rate of 0.5 °F/min maximum.

Postflight inspection showed no abnormal erosion.

Aft Exit Cone Liner
DR 173080-01, Waiver No.: None
02,

LDIs within the GCP larger than 2.5 inches circumferential width, 1.9
inches longitudinal length, or 0.025 inch radial depth are unacceptable.
Numerous LDIs exceed one or more of the above dimensions on aft exit cone

liner.

Postflight inspection of this part was not possible.
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Aft Exit Cone Assembly
DR 173099-01, Waiver No.: None

LDIs within the GCP larger than 2.5 inches circumferential width, 1.9
inches longitudinal length, or 0.025 inch radial depth are wunacceptable.
Four LDIs exceed one or more of the above dimensions; all classified as

ply-end conditions (longitudinal length < 0.200 inch).

Postflight inspection of this part was not possible.

Fixed Housing Assembly
DR 173448-01, WVaiver No.: None

Blemish on CCP at 148 degrees (forward ID surface) checks 1.9 inches long,
0.225 inch wide, 0.045 inch deep.

Postflight inspection showed no abnormal erosion.

- DR 173448-02
Numerous wetline indications on CCP forward ID.

Postflight inspection showed no abnormal erosion.
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5.2 STS 28B DRs and PDs

OQuter Boot Ring, First Wrap
PD 169737-01, VWaiver No.: None

Temperature was held at 220 4+ 10 °F for 113 minutes,

maximum allowable.

Postflight inspection showed no abnormal erosion.

Outer Boot Ring, First Wrap
PD 169737-02, VWaiver No.: None

23 minutes over

Temperature was reduced at an overall average rate of 0.689 °F/min.

Anomalous cooldown lasted 15 minutes, followed by a l-hour cooldown at an

acceptable rate of 0.5 °F/min maximum.
Postflight inspection showed no abnormal erosion.

Flex Bearing Assembly
DR 169782-03, Waiver No.: None

Maximum unbond depth checks 3.4 inches on pad 3.

This flex bearing was written up on DR 165119 for unacceptable unbond area.
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Aft Fxir Cone Assembly
DR 170806-01, Waiver No.: None

Two areas contain LDIs which exceed limits. Maximum dimensions of any

single LDI are 3.78 inches circumferential width.

Postflight inspection of this part was not possible.

Aft Exit Cone Assembly
DR 170806-02, VWaiver No.: None

High Density Indication (HDI) with projected area of 0.0675 in.2 (0.250

inch 1longitudinal by 0.270 inch circumferential) located in GCP, 36.14

inches forward of part aft end at 216 degrees. HDI runs parallel to glass

ply direction.

Note: Six other HDIs exist 1in general area of noted HDI. All six have

projected areas less than 0.050 in.z.

Postflight inspection of this part was not possible.
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Nnzzle Compliance Ring
DR 173430-01, Waiver No.: RWW451

Nonlocking helicoil inserts were installed into the compliance ring.
Note: Flight 5A and Flight 6 and subsequent compliance rings have locking

helicoil inserts installed.

Postflight 1inspection did not reveal any flight-related problems with the

helicoil inserts.
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6.0 NNZ71F.  COMPONENT PROGRAM TEAM (NCPT) RECOMMENDATTONS AND REDFSTGN
PROGRAM REVIEW BOARD (RPRB) ASSESSMENT

The NCPT reviewed all observations documented in this report. The team
classified two Problem Reports (written at KSC) as minor anomalies. After
internal nozzle joint inspections at Clearfield, the team initially
classified one observation as a potential anomaly. This was further
classified as a minor anomaly. These were presented to the RPRB on 06
September 1989, The RPRB agreed with the classifications. These minor
anomalies were recorded on Postfire Anomaly Record (PFAR) forms and are
included in Appendix B. The PFARs contain detailed descriptions and
corrective actions as accepted and/or modified by the RPRB. A listing of

the PFARs is listed below.

6.1 STS-28A Nozzle

PFAR NUMBER  DESCRIPTION

360H005A-03  Foreign residue and a small pin hole found
on aft exit cone polysulfide groove fill.

360H005A-08 White, sticky material on fixed housing
(aft end) forward of the primary O-ring at
the EA913NA interface.

6.2 STS-28B Nozzle

360H005B-13 Black, powdery residue found in Joint 3.
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A0176544

Figure 4 STS-28A Post-Flight Joint Flow Surface Gap Openings
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Table 1 §STS-28A Aft Exit Cone Post-Flight Polysulfide Groove Radial

Widths

Angular
Location
(deg)

0
30
60
20

120
150
180
210
240
270
300
330

REVISION

Nominal Preflight
Radial Gro.ove

Nesz
R

Carbon-Cloth
Phenolic
(completely missing)

Aft Exit Cone
Assembly

/— Polysulfide Groove Fill

Glass—
l Cloth
! Phenolie

——=

Aluminum
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LTIy s BT Te g LA e

TR AT

Forward Exit
Cone

Carbon-Cloth
Phenolic

Glass-Cloth
Phenolic

EA 946
Adhesive

Adhesive

Forward End

Glass-Cloth
Phenolic

Steel

Radial B
Location Sepgration Separation
(deg) (in.) Type
0-110 0.010 Metal/Adhesive
120 0.030 Metal/Adhesive
140 0.040 Metal/Adhesive
150-300 10.010 Metal/Adhesive
340-0 0.010 Metal/Adhesive
135-150 10.020 ""Cohesive
0-5 0.015 Glass to Glass
340 0.003 Glass to Glass
345 0.010 Glass to Glass

Figure 8. STS-28A Forward Exit Cone Bondline Separations
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STS-28A Forward Exit Cone Liner Section (0 deg)
1

Figure 9
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STS-28A Forward Exit Cone Liner Section (180 deg)

Figure 11
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Steel Glass-Cloth
—— ee Phenolic
o
Fwd End Aft End
Metal-to-Adhesive Metal-to-Adhesive
Bondline Separations Bondline Separations
Radial Radial
Location Separation Location Separation
{deg) (in.) (deg) (in))
0 0.010 360 0.040
15 0.020 Circumferentially
30 0.030
45 0.020
60 0.010
120 0.010
135 0.020
150 0.010
195-210 0.010
225 0.020
240-255 0.010
345 0.010
Figure 14 STS-28A Throat Assembly Bondline Separations
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270-0 0.010
Figure 20 STS-28A Nose Inlet Assy Bondline Separations
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Table 4

Angular Location

0 degrees

Measured Erosion
Measured Char
Adjusted Char*

2E + 1.25AC

RSRM Min Liner Thkns
Margin of safaty

90 deqgrees

Measured Erosion
Measured Char
Adjusted Chart*

28 + 1.25AC

RSRM Min Liner Thkns
Margin of Safety

180 degrees

Measured Erosion
Measured Char
Adjusted Char*

2E + 1.25AcC

RSRM Min Liner Thkns
Margin of Safety

270 degrees

Measured Erosion
Measured Char
Adjusted Char*

2E + 1.25AcC

RSRM Min Liner Thkns
Marjyin of safety

REVISION

STS-28A Nose Inlet Rings (-503, -504) Erosion and Char Data

Stations

28 30 32 34 36 38 39
1.16 0.86 0.86 0.82 0.82 0.93 0.96
0.71 0.83 0.64 0.50 0.59 0.61 0.63
0.53 0.62 0.48 0.38 0.44 0.46 0.47
2.99 2.50 2.32 2.11 2.19 2.43 2.51
3.508  3.252 2.950  3.182 3,200 3.026  3.000
0.17 0.30 0.27 0.51 0.46 0.24 0.19
1.02 0.81 6.89 0.84 0.83 0.93 0.96
0.75 0.76 0.61 0.51 0.57 0.61 0.59
0.56 0.57 0.46 0.38 0.43 0.16 0.44
2.74 2.33 2.35 2.16 2.19 2.43 2.47
3.508 3.252  2.950  3.182 3.200 3.026  3.000
0.28 0.39 0.25 6.47 0.46 0.24 0.21
1.01 0.80 0.90 0.80 0.80 0.87 0.93
0.70 0.71 0.63 6.59 0.52 0.63 0.63
0.53 0.53 0.47 0.44 0.47 0.47 0.47
2.68 2.27 2.39 2.15 2.18 2.33 2.45
3.508  3.252  2.950  3.182  3.200 3.026  3.000
0.31 0.44 0.23 0.48 _0.47 0.30 0.22
1.13 0.96 0.98 0.87 0.38 0.92 0.96
0.73 9.638 0.64 0.51 0.59 0.61 0.55
0.55 0.51 0.48 0.38 0.44 0.46 0.49
2.94 2.56 2.56 2.22 2.31 2.41 2.53
3.508  3.252 2.950  3.182 3.200 3.026  3.000
0.19 0.27 0.15 0.43 0.38 0.25 0.19

+ Measuread Char Adjusted to end of action time

minimum liner thickness
Margin of Safety = —===- -1
2 X erosion + .25 X adj char*
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Table 7 STS-28A Flex Boot Data Performance Margins of Safety

Max Material

Degree Remaining Affected Depth Margin
Location Plies (in.) of Safety*
0 3 3/4 16 ~0.43
45 3 3/4 1.16 0.43
90 3172 1.24 0.34
135 31/2 B 7| . 11
180 3172 1.24 0.34

225 3172 1.2 0.34
270 3 1/4 1.32 0.26
315 3 1/4 1.32 0.26
minimum overall thickness
* PMS ®  cocccem———memmmmmm—————— e -1

(1.5 x max material affected depth)

Z O W|mOoOXom

~~

STS-28A FLEX BOOT ERQSION

Tl
=)
1
)

{
1
i
|
|
]
)
]
U}

i ! - - L ~

0 50 100 7 150
degrEeS

s S, 3 TR
REVISION ’ boc No. "TWR- 17544 L voL

SEC I PAGE 96

l‘\ nl

[
i

al

(

l

l

i il L 1

1



b

Il

SPACE OPERATIONS

BLACK A

REVISION

ORIGINAL PAGE is
OF POOR QUALITY

ORIGINAL PAGE
ND WHITE PHOTOGRAPH

pocnvo. TWR=-17544 | VoL

STS-28A Fixed Housing Section (0 deg)

Figure 46

SEC | PAGE
97



_ ORIGINAL PAGE
774 lokol comomnon - BLACK AND WHITE PHOTOGRAPH

SPACE OPEHA‘TL‘O{VSJ
HE e PO AT o

I

Figure 47 STS-28A Fixed Housing Section (90 deg)

DOC NO. TWR— 1 7 544 l vOL

REVISION
JES— SEC PAGE
| 98




.

SPACE OPERATIONS

ORIGINAL PAGE
ND WHITE PHOTOGRAPH

REVISION

ORIGINAL PAGE IS
OF POOR QUALITY

pocnvo. TWR-17544 1VOL

Figure 48 STS-28A Fixed Housing Section (180 deg)

SEC PAGE
! 99



ThAcloAo€ corrorarion 'ORIGINAL PAGE
SPACE OPERATIONS ... .. .~ BLACK AND WHITE PHOTOGRAPH

=

Sl -

STS-28A Fixed Housing Section (270 deg)

Figure 49

-—
-
pocno TWR-17544 | vou -
REVISION ] o l -
g i 100



2
N
3
N
N
o
Q
)
WMW

%
=
Q
5
&
Q.
Q
W
3
&

ot

69°0
8vo0° ¢
08°T
vE'T
08" 1
00°0

€L°0
8v0° ¢
9L°1
Iv°1
9L° 1T
00°0

. YN
"8Y0°€
¥R
VN
¥N
VN

YN
8v0° ¢
N
YN
VN
YN

SLTO0T

vdeyDd [PY X GZ°1 + uUOTSOI3 ¥ 2

= Ajejes 3o urbhaey

8WT] WOT3IDE Jo pus o3 peirsnlpe 1ey> peinsesy

Z9°0
sT8° 1
£T°1
06°0
€T 1
00°0

18°0
528" 1
1071
1870
10771
00°0

£S°0
SZE"1
6T° 1
S6°0
6T 1T
000

09°0
628" 1
Y1°1
1670
Y1°1
00°0

ﬂ — e e e o e e e e  — — —— - Pttt M St M. . e P
SS8UXOTY] JIOUT] WNWTUTIW

TT1°¢ IT°1 L8870 vL'o 9L°0 8L°0 IL’0
92V " ¢ 9¢t8" 1 veg ' 1 [ %I 1£8°1 678" 1 L2871
sL" 0 L8°0 86°0 S0° 1 Y01 €0° T 90°1
29 ¢ 0L"0 8L°0 ve" 0 €870 28’0 S8°0
8L" 0 L8°0 86°0 S0° T vo°T €01 90" 1
00°0 0070 000 00°0 00" 0 00°0 00’0
851 IT°1 L6 0 €8°0 68°0 L8O 98° 0
9Z¥ "¢ 9t8 "1 | A% Y CE8" 1 T8 1 678" 1 Lze 1
¥6°0 LB"O €6°0 001 L6 0 86°0 8670
SL°o 0L"0 vL'o 08" 0 8L° D 8L 0 8L 0
v6°0 L8°0 €6°0 00°1 L6°0 860 86" 0
00" 0 00°0 00°0 00°0 00°D 0070 00°0
88" 1 LB°0 oL 0 Z9°0 £9°0 ¥s- 0 250
9¢r "¢ AT | veg" 1 ZE8" T Te8"1 6281 L8 1
20" 1 8670 80°T £T°1 zZ1°1 611 0T
¢80 8L°0 98°0 06°0 06°0 S6°0 96" 0
0" 1 86°0 80" T ET T 4 Sl 1 6T 1 071
000 000 00°0 po0"0 00°0 000 00°0
N iz2°1 16°0 BL™O L Z ] IL°0 Z29°0
9Zv -2 9¢€8°1 veg" 1 TER" T Te8" 1 6Z8°1 Lze"1
YN £E8°0 26° 0 £E0"T S0°T Lo 1 €11
YN 99" 0 LL o 78" 0 L 2] 98°0 06°0
YN £E8°0 96° 0 £0°T S0°1 L0 1 €11
N 00" 0 00" 0 00°0 00°0 00" 0 00°0

6 8 L 9 s 14 £

suorjels

vlER(Q IBY) puB UOTS0ly uoTjeTnsu]l Jurlsnoy PaXTd V8Z-SIS

180
180°¢
ST™1
9870
L0"1
Y00

T80
18072
ST 1
Z6°0
ST°1
00°0

2970
1807 ¢
ST°1
L670
IT°1
¢0°0

BL™D
1807 ¢
LT 1T
6870
171
€E0° 0

16°1 Aitejges Jo utbaey
L0 € SSBUNDLTYJL JQUT] UTE KWYSH
1€°1 I¥VGZ 1 + 3¢
86°0 yileyd peasnlpyw
£T°1 leyD peansvop
vo o ucTsoly peanseey
sesibop 07
9L 1 Aje3zes jJo utbhaey
LO08" € SSaUXYDTYJL ISUTT uUIWw RUSY
8e°1 O¥SY- 1 + 3
66°0 +A%YD peasnlipy
¥Z°1 Jeyd peansesy
LO" O UOTSO13d pPeInseey
seeibep 0§71
9.°1 Alejes 10 utbien
LOB"E SSeUXDTYL JeUuTT UTW WUSYH
8" 1 2¥sZ1 o+ 3t
8670 «3®YD peasnipy
2T 1 aeys peanseey
g0° 0 UoO1s014 peanseey
sesabep Q6
L6°1 Alejes jo uibaey
L08°¢ SSOUXDTIYJL 16UTT uUTW WHYSH
87" 1 DVSZ T + 32
TI6°0 304D pexsnipy
V11 JeyDd peansesy
L0°0 uorsoa3 peansesy
seeabep o
0

uor3xeno] aeinbuy

8 21qeL

l voL

101

TWR-17544
PAGE

DOC NO.
SEC

OF POOR QUALITY

ORIGINAL PAGE IS

REVISION



7o o0€ corroration

SPACE OPERATIONS

0

i
WKl

i

Figure 50 Fixed Housing Liner Erosion Measurement Station

-
-—
REVISION Ei on - iwpqcyq,?WR-l7544 LVOL -

o " "Sec”
W T PR aem o
”-Eéiéi_.! HUI

- [PAGE 102



g

1

L4

I

£

|

LI

01

SPACE OPERAIONS -

REVISION

CORPORATION

ORIGINAL PAGE IS
OF POOR QUALITY

ORIGINAL PAGE

DOC NO. TWRj- 17544

BLACK AND WHITE PHOTOGRAPH

1 voL

STS-28A Bearing Protector (45 deg)

Figure 51

SEC

l PAGE

103



TALoAoE corronarion ORIGINAL PAGE
SPACE OPERATIONS BLACK AND WHITE PHOTOGRAPH

HY /A

L ]

) -

-

==

- -
~~~
&0
o

g -
o
-3
N

o -
e
o
(=]
3]
@

i -

(e} -
h
o
&0

5 -z

- -—
=
@
m
<0

w —

~
i
1%
)

_ -
o~
wy
o
b
=
ab
o
I,

’ -
;
.. -
REVISION DOC‘NO: i TWR-17544 ] vot e
- SEC | PAGE -
104



.

41 a1

(]

7W C‘ORPORAT/ON

SPACE OPERATIONS.". fesu i ¢

REVISION

,av:‘;.

ORIGINAL PAGE
 BLACK AND WHITE PHOTOGRAPH

ORIGINAL PAGE IS

OF POOR QUALITY
DOC NO. TWR-17544

voL

STS-28A Bearing Protector (135 deg)

Figure 53

SEC l PAGE

105



ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

!

H,ﬂ
2
S
5
[
S it

o
©
S

IR

Wl

W

= h

S

3

o
N S

W
*/ 3

o

W

I

(82p 06)

8uraeog XoT4 V87-SIS

- ,.,,:..i B

i | U

%G 2an31y

"
i ' »

.

l voL
106

TWR-17544

DOC NO.
SEC

REVISION

PAGE



H

{

f

{1l

7 W CORPORATION

SPACE OPERATIONS

REVISION

ORIGINAL PAGE IS
OF POOR QUALITY

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

DOC NO.

TWR-17544

lvm

STS-28A Flex Bearing (270 deg)

Figure 55

SEC

l PAGE

107



TALoAOE corroration

SPACE OPERATIONS 7 . e e
~ Carbon I
Cloth
Phenoiic RTV Below Char Line
6 . :
Char Line 360 deg N

Fwd Exit Cone ’ ) )
Carbon Cloth Phenolic

Assembly
T~ Completely Missing
~
~
=~ ~
Polysulfide
Groove Fill
Radial
’ ID
Axial
Glass o
Cloth Prima
Phenolic \‘/ = O—ring:y
Did Not
Ses
Pressure
Steel
Minor Rust
RTV Extended to
Primary O-ring Groove )
140-150, 180-190, and
220-0 deg Glass

AD18691a-9

Aluminum Phenolic
Oxide

Corrosion Aluminum
(typical)

Figure 56 STS-28A Forward Exit Come-to-Aft Exit Cone Joint Interface
(Joint #1) e

ALy B0 i
% TWR-17544

DOC NO. l voL

SEC ‘ PAGE
108

S

w

REVISION

|

'
i

a1 t

|



7W C‘OHPORAT/ON

ORIGINAL PAGE

- SPACE OPERATIQNS ; ISR G st :
"~ BLACK AND WHITE PHOTOGRAPH
B !
- a
9
H

I

(]

¢l |

e ||

Ul

i

- ORIGINAL PAGE IS
— OF POOR QUALITY
—-— REVISION DOC NO. TWR-17544 l voL

STS-28A Aft Exit Cone Forward End (0 deg)

Figure 57

SEC IPAGE 109



THAcokolf CORPORATION ORIGINAL PAGE

SPACEOPERATIONS - = = " = BLACK AND WHITE PHOTOGRAPH

H

, Figure 58

STS-28A Aft Exit Cone Forward End (90 deg)

REVISION DOC NO. TWR-1 75 44 I vOL

SEC | PAGE

110




Brrowr o o ae gl t

{1

i

i

=

il

A ey FATIN S T
‘1

7W CORPORATION

SPACE OPERATIONS

ORIGINAL PAGE IS
OF POCR QUALITY

REVISION

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPK

oocNo. TWR-17544

I VoL

Figure 59 STS-28A Aft Exit Cone Forward End (270 deg)

SEC

‘ PAGE



7 W CORPORATI

SPACE OPERATIONS

REVISION

oNv. ..

Loleh Sl TR

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

pocno. TWR-17544 l voL

q deg)

STS-28A Forward Exit Cone - Aft) End (

Figure 60

SEC l PAGE

112

| [ (|

{

Ul



==
=

!
I

ary o v ter il

f

7A407é0€ CORPORATION

9%CEOH9MﬂON5

REVISION

ORIGINAL PAGE IS
OF POOR QUALITY

ORIGIN AL PA

DOC NO.

TWR-17544

l VoL

STS-28A Forward Exit Cone - Aft End (90 deg)

Figure 61

SEC

| PAGE

113



77 COC corronarion ORIGINAL PAGE
_BLACK AND WHITE PHOTOGRAPH

SPACE OPERATIONS

REVISION IR ooé&; "TWR-17544

VoL

Figure 62 STS—Z%A Forward Exit Cone - Aft End (180 deg)

SEC - i PAGE

114

&l Wi



|

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

7AEoO€ corroration
SPACE OPERATIONS .

(82p 0/7) @npTsay 19pmog 20B4 pABMIOY

{1 T I I NN R |

9U0) ITXY 3IIV V(-

SIS ¢9 @an31g

|VDL
115

TWR-17544

PAGE

DOC NO.
SEC

REVISION



7Aoot corrorarion

SPACE OPERATIONS

Light Rust 30-43 deg

RTV Below Char Line

Radial ID and to Chamfer 360 deg

Throat Assembly

Carbon Cloth
Phenolic

Forward Exit

Carbon Cloth ~o -
Phenolic ~
\‘\

Radial OD —™

Glass-Cioth Phenolic

Char
Line
\
P Giass-Cloth
l Phenolic
1]
‘ -
AQ17705a-6
~ RTV Extend onto Radial OD
Intermittent from 0-43, 50-53, 55-123,
Light Rust and 238-0 deg

RTV to Primary O-ring
from 287-318 deg

Figure 64 STS-28B—Throat/Forward Exit Cone Joint (Joint #4)

e .-, -opocno.  TWR-17544 | vo

REVISION
SEC | PAGE
116

[

&

f

| {

m\!ﬂ'l\
L



I T

|

Il

f

L

7 W CORPORA T/ON

SPACE OPERATIONS

REVISION

ORIGINAL PAGE IS
OF POOR QuALMTY

ORIGINAL PAGE

DOC NO.

TWR-17544

“BLACK AND WHITE PHOTOGRAPH

I VoL

Figure 65 STS-28A Forward Exit Cone - Forward End (0 deg)

SEC

‘ PAGE

117



TAcolof CORPORATION

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

R IR

3

i

g

SPACE OPERATIONS

i | | B |

(32p 09) P

mm piemiog

¢

1

B L1 -
[} [

0doo 37Xy paemiog

¥8Z-S1S © 99 dan3Ty

l VOL

TWR-17544

DOC NO.
SEC

| PAGE

REVISION

118



N

[

U

'

{

7 Aco;éof CORPORATION

SPACE OPERATIONS

REVISION

ORIGINAL PAGE IS
OF POOR QUALITY

ORIGINAL PAGE
‘BLACK AND WHITE PHOTOGRAPH

DOC NO.

TWR-17544

vOL

STS-28A Forward Exit Cone - Forward End (180 deg)

Figure 67

SEC

| PAGE

119



)
xr
Q.
b q
3
WS
mm“n
PP
(VY]
<=
Z I
o=
2~
2
L
m

7Aoo corrorarion

SPACE OPERATIONS -~ -

'3

] ) B b | i | b Y N}

I

(3ap ) pPug 33V 3IEOIY] VZ-SIS 89 2ian3ty

Ly Ly

s EEEEEE

T L kit

VOL
l PAGE 120

17544

=]
=
B

SEC

REVISION



il

Qi

Gl

I

[==]
=

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

7W CORPORATION ™

SPAGE QPERATIONS

(L

e

STS-28A Throat Aft End (60 deg)

Figure 69

ORIGINAL PAGE IS
OF POOR QUALITY
REVISION - pocnNo. TWR-17544 l voL
SEC I PAGE 121



[ I Rt ] "

Rl D |

L e

1 NN BN B B

(82p 0871) pud 33¥ 3IBOIY]L VYQZ-SIS 0/ 2anS1g

| voL
122

I PAGE

" TWR=17544

DOC NO.
SEC

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

REVISION

7/ coro€ corrorarion
SPACE OPERATIONS . -: ..



{

gt

(i

i

{

{1

TACOAOE corromarion . Tor

SPACE OPERATIONS
RTV Below Char RTV Intermittently
Line 360 deg. No Around 50% of Surface (a\:;
' Blowpaths Observed
in Joint
- N o Throat Assembly
- / ]
- /
-
L4 /
‘ Carbon Cloth
Phenolic
L4 /
/ Radial
- ID
rd H —
Nose Inlet Assembly Axial \ Steel A017738a-6
p Radiel ) |
Carbon Cloth
Phenolic EEI Glass Cloth
S o Phenolic
: ™ Grease
Char Aluminum )
Line L___../
- L_ Surface Aluminum
Corrosion
Glass Cloth
Phenolic
Figure 71 STS-28A—Nose Inlet/Throat Housing Joint (Joint #3)
REVISION pocno. TWR-17544 1 voL

SEC ! PAGE

123



7ol corrorarion

SPACE OPERATIONS

REVISION

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

DOC NO. TWR-17544

vOoL

STS-28A Throat - Forward End (0 deg)

Figure 72

SEC l PAGE

124

| a il

{ {

{

i



7%«40@6 éom;

SPACE OPERATIONS

ORATION

REVISION

- - “BLACK A

ORIGINAL PAGE IS
OF POOR QUALITY

ORIGINAL PAGE
ND WHITE PHOTOGRARK

DOC NO.

TWR-17544

VoL

STS-28A Throat - Fovward End (120 deg)

Figure 73

SEC

| PAGE

125



TAcoAo€ corrorarion ORIGINAL PAGE
SPACE OPERATIONS o ) .~ s. BLACK AND WHITE PHOTOGRAPH

Lt AR

B
I

-
-
~
o0 —
) -
o
o
3
o~
A
-
o
=]
[£3)
o
: -
=
"
o]
=
| -
=
]
o
"
=i _
3l -
<
[e’s]
o~
1
%]
B~
7]
~
I~
© -
¥
]
oY)
B
R =
I -
-

-_—
R T L N T
YOLAUY ALUe 30
VoL SR TRE
REVISION - . DoC yp:"TYJR—l7544 l voL -

126

SEC ! PAGE



7Aacofof CORPORATION

SPACE OPERATIONS

P

o

REVISION

3 [ rworen:

I‘!:

ORIGINAL PAGE
~.,..BLACK AND WHITE PHOTOGRAPH

ORIGINAL PAGE 15
OF POOR QuALTY

pocno. TWR-17544 I voL

STS-28A Aft Inlet (-504) Ring - Aft End (0 deg)

Figure 75

SEC ] PAGE 127



WCORPORAT/ON R ORIGINAL PAGE
SPACE OPERATIONS .S 2 gLACK AND WHITE PHOTOGRAPH

Ul

~
o'1]
1]
o
o
o~
—
~ =
- -
c
= J—
. —
Yt
< v
]
&0 —
g =
~ -
~~
~T
s -
v —
L -
s
[o/]
—
c
= -
o
U
<
<
<O L
~N
i
w
=~
w
L
Nel
I~
[e}}
i =1
3 _
OD -
Eal
£
-
-
-
v » "'6ocNo. TWR-17544 | vou -

REVISION

SEC l PAGE

128



7Acoo€ corroration

SPACE OPERATIONS

REVISION

ORIGINAL PAGE

BLACK AND WHITE PHOTOGRAPH

e Spiimrr v - VIR - .. 4
’ Wit e

|
\

CRIGINAL PAGE 13
OF POOR QUALITY

pocno. TWR-17544

I voL

STS-28A Aft Inlet (-504) Ring - Aft End (240 deg)

Figure 77

SEC

l PAGE

129



7ACOAOE corroration

SPACE OPERATIONS ,
,.._.__:\; PRSI A = . ¢
“Intermittent Corrosion
on Cowl Housing .
Bearing
Protector
Outer Ring
Forward
End Ring
Steel
Nose Housing -~ Precast Cowl
(aluminum) L ‘e re Segment
(I i Water *{|Wa er/
] f Y
Carbon Cioth Glass-(_:‘!oth
Phenolic Phenolic L Silica-Cloth
™~ —_Radial ID Phenolic
\
T~ RTV
Char Radial OD —_ Bhanatctotn
Line
—
S~
RTV Below
—_— 360 deg ggglgzlgw,hx'ng AQ017703a-6
* Soot 360 deg .
Heaviest at 282-0-54 Char Line
deg.Soot to Primary
O-ring from 282-342
deg
— Typical Sooting 360 deg
** Worst-case Sooting Terminated Blow Path
at 324-336 deg on OD Distinct at 318 deg

of O-ring Groove

Water: Water in Bolt
Holes and on Joint
Surfaces

Figure 78 STS-28A Nose Inlet Housing/Flex Bearing Joint

L . -
. R -

l voL

REVISION pocno. TWR-17544

SEC

l PAGE

130

/U A

diil

I | i

[



—

SPACE OPERATIONS ‘

REVISION

ORATION. |

TR e ORIGINAL PAGE
BLACK AND WHITE FriOTOGRAPH

ORIGINAL PAGE IS

OF POOR QUALITY
DOC NO. TWR-17544 ‘ VoL

Figure 79 Cowl - Forward End (0 deg)

SEC t PAGE 131



Thiolol ORIGINAL PAGE
space oegmnoysfaﬁ{’omfr/oy | BLACK AND WHITE PHOTOGRAPH

=
-

Figure 80 Cowl - Forward End (120 deg)

=
-

—
(=
REVISION pocno. TWR-17544 l vou -
- SEC [ PAGE
132



T b oAl corrormo ORIGINAL PAGE
. BLACK AND WHITE PHOTOGRAPH

= SPACE OPERATIONS

= ORIGINAL PAGE IS
OF POOR QUALITY

= REVISION pocnvo.  TWR-17544 L voL

Forward End (240 deg)

STS-28A Cowl

Figure 81

SEC | PAGE 133



TALoAOE cosrorarion 7 ORIGINAL PAGE

SPACE OPERATIONS . B © BLACK AND WHITE PHOTOGRAPH -
%
f =
0 =
i} —
v -
N
& =
=3 —]
e .
- ,
3 _
o =
@ =
O —
4
3
CJ: -
&
8 -
eH
o
%
ol —_—
= =

HERRE AN AR
pocno. TWR-17544 [von.
SEC I PAGE

134

REVISION



ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

T4 oo corroration

SPACE OPERATIONS

L

(89p 0z1) pug 13y - dej IasoN

V8Z-SILS

¢g 2an3t1yg

AAEY I

I

o
_uMﬂ.
<L 2
B G
-U,nR
Frw € g
B &
(17
|

l voL
135

PAGE

TWR-17544

DOC NO.
SEC

REVISION



7Acokol CORPORATION

SPACE OPERATIONS

REVISION

BLACK

" pocno TWR-17544

ORIGINAL PAGE
AND WHITE PHOTO

GRAPH

STS-28A Nose Cap - Aft End (240 deg)

i voL

SEC

I PAGE

136

Figure 84 I

[l

L



WCORPORAT/ON o ORIGINAL PAGE
SPACE OPERATIONS . BLACK AND WHITE PHOTOGRAPH

it

e

1]

ORIGINAL PAGE IS
OF PCOR QUALITY

pocno. TWR-17544 l vou

— REVISION

STS-28A Bearing Forward End Ring (0 deg)

Figure 85

SEC I PAGE 137



THiokol comonanon . ORIGINAL PAGE -
SPACEOPERATIONS .+ 3 BLACK AND WHITE PHOTOGRAPH -

|

|

|
4

o -
LT e = P t ‘—ﬁ—
—_
a0
v _
= —
(e} =
I -
p—t
e
)
5 = |
o
g
=] _
- # =
) g =
o
@
=
e
o
= —
-
0
o
far
1 5]
T R
@ -
m L]
<
oo
[N}
&
=+ -
[95]
o
©
L
)
—
]
&0
et
P —
—
-
L
REVISION pocno. TWR-17544 I voL -

SEC | PAGE

138



jra—

7 W CORPORATION

SPACE OPERATIONS

REVISION

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

ORIGINAL PAGE IS
OF POOR QUALITY

DOC NQO.

TWR-17544 l voL

STS-28A Bearing Forward End Ring (240 deg)

Figure 87

SEC

| PAGE 139



7. 5467@6 CORPORATION

SPACE OPERATIONS

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

Yy

i

3

1 ' |

. ,,
9P gT1¢) uorIedOT Yie

Ezoam@

I I | T !

- Puy paemiog IMo) y87Z-S1S 88 2an31j

Y DL WHOL

Y

REVISION

TWR-17544

DOC NO.
SEC

l VoL

140

PAGE




==

£

bd

SPACE OPERATIONS

TAcoOE€ corrorarion’ -

Rust Heavy Intermittently
Around Approximately
50% Surface

Grease

Painted with
Rust Stains

Aft End Ring (steel)

Rust Stains

RTV All
Around
360 deg

RTV Reached to
Primary O-ring

at 10-t0-20 deg
and 120-125 deg

Bearing
Protector

A019277a~7

Inner Boot Ring
~ (Glass Cloth Phenolic)

Figure 89 STS-28A Flex Bearing/Fixed Housing Joint (Joint #5)

DOC NO. TWR-17544 [ VoL

REVISION

SEC l PAGE

141



ORIGINAL PAGE _
T Ao corronarion BLACK AND WHITE PHOTOGRAPH

SPACE OPERATIONS

Figure 90 STS-28A Fixed Housing Forward End (0 deg)

RS B T 86;'.’1,\10’ S TWR-17544 1 VoL

SEC l PAGE

REVISION

142



h

i

]

(it

Ity

1)

I

7ALCOAOE corrorarion -

SPACE OPERATIONS

REVISION

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

ORIGINAL PAGE IS
OF POOR QUALITY

pocno. TWR-17544 l voL

STS-28A Fixed Housing Forward End (120 deg)

Figure 91

SEC | PAGE 143



ORIGINA
Trcokolt CORPORATION L PAGE

SPACE OPERATIONS . .:v 705 iF

BLACK AND WHITE PHOTOGRAPH

.

| S |

STS-28A Fixed Housing Forward End (240 deg)
i

Figure 92

15 &

Ll

]

mR 17544 [ vot _
l PAGE 144

REVISION

L



W

Len

{

I

i

1

7 W CORPORATION

SPACE OPERATIONS

REVISION

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

ORIGINAL PAGE IS
OF POOR QUALITY

TWR-17544

DOC NO. l VoL

STS-28A Bearing Aft End Ring (0 deg)

Figure 93

SEC l PAGE
145



WCOHPORAT/ON
SPACE OPEBATIONS s ORIGINAL PAGE

"BLACK ANQ WHITE PROTOGRAPH _

|

|
|
[
\I

|

Ll

STS-28A Bearing Aft End Ring (120 deg)
i

Figure 94

i

—

?
I R ' —
REVISION pocno. TWR-17544 J voL . =
SEC | PAGE
146



(l

Il

=

i1

11

SPACE OPERATIONS

T ALoro€ corroration

i B

-w

CRIGHAL PALA '3
OF POOR QUALITY

REVISION DOC NO.

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

TWR-17544

l voL

STS-28A Bearing Aft End Ring (240 deg)

Figure 95

SEC

| PAGE

147



TW co

- RPORATION
SPACE OPERATIONSG - =1 iv o3 o abeyd

A017654a-5

Figure 96 STS5-28B Joint.Flow Surface Gap Openings

REVISION

oy

. DOC NO TWR- 1 7544 l vou
SEC I PAGE 148

{

v
i

I | { 1 ti um fi | 0 4 0 vt [



EL
I! L

1

o

1

(i

I

I
I

{1

-

i

il

i

may - R

0

1

RNt

7W CORPORATION

SPACE OPERATIONS

REVISION

ORIGINAL PAGE

R BLACK AND WHITE PHOTOGRAPH

i

ORIGINAL PAGE IS

OF POOR QUALIMTY
DOC NO TWR-17544 IVOL

STS-28B Forward Nozzle Assembly

Figure 97

SEC l PAGE

149



Thcokol cmﬁ‘omnom

SPACE opEﬁxxr?OA@ i {oa

REVISION

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

Figure 98 STS-28B Forward Nozzle Assembly

pocNo. TWR-17544 | vou

SEC T PAGE
150

{

1|

| LT [/ 1 il

i

il

1

3|



T

{

{l

—

7Aoo € corroration

SPACE OPERATIONS

REVISION

ORIGINAL PAGE

BLACK AND WHITE PHOTOGRAPH

DOC NO.

TWR-17544

| VoL

STS-28B Forward Nozzle Assembly (External)

Figure 99

SEC

l PAGE

151



7A¢o;éo€ corpoRATION

SPACE OPERATIONS

REVISION

iy

ORIGINAL PAGE .
BLACK AND WHITE PHOTOGRAPH

*

oocng TWR-17544 LVOL

Figure 100 STS-28B Forward Nozzle Assembly (External)

SEC I PAGE

152

L f 1

N

i

Ll

'y

i



{

i1

(]

-

Y

=
[ =
-—

i

{1 mr

I

7 W CORPORATION

SPACE OPERATIONS

REVISION

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

ORIGINAL PAGE |5
OF POOR QUALITY TWR-17544

DOC NO. l vor

STS-28B Aft Exit Cone Fragment

Figure 101

SEC ‘ PAGE

153



7W CORPORATION -

SPACE QPERATIONS . .71 17iiily (lyi: 2Ltk
AR R U T _E

Table 9 STS-28B Aft Exit Cone Post-Flight Polysulfide Groove
Radial Widths

Carbon-Cloth
Phenolic
(completely missing)

Aft Exit Cone
Assembly

Nominal Preflight
Radial Groove \ l
Width 0.20 in.

/— Polysulfide Groove Fill

Angular
Location Wjdth Glass
(deg) An) [ Cloth
0 0.18 -_7___2 Phenolic .
30 0.18 Aluminum
60 0.18
90 0.18 A017588a-2
120 0.18
150 0.18
180 0.19
210 0.18
240 0.18
270 0.18
300 0.18
330 0.18
REVISION DOC NO TWR 17544 { vot
- SEC ! PAGE
154

f

gt

I

1
]

{

o { [

Lo

€

I 1 t

LR

I

]

f

il



{

i

1

i

i

U 111

{1

11

{

TW CORPO

SPACE OPERATIONS -

REVISION

RATION™™

Carbon-Cloth
Phenolic

Glass-Cloth
Phenolic

= EA 946
Adhesive

HuAad

Carbon-Cloth
Phenolic

Forward Exit

Cone
Fwd Assembly Aft

Adhesive

Glass-Cloth

Steel Phenolic

Steel

Forward Exit Cone

—_—
A0186632-9
Forward End Aft End
Metal-to-Adhesive Metal-to-Adhesive
Bondline Separations 7 Bondline Separations
“Radial o Radial
Location Separation Location Separation
(deg) (in.) (deg) (in.)
360 0.020 T o 0.020
Circumferentially ' 30-45 0.010
- 60-75 0.020
“105-135 0.010
150 0.020
285 0.010
300 0.020
330 0.005
Figure 102 STS-28B Forward Exit Cone Bondline Separations
DOC NO. TWR-17544 l VoL

SEC { PAGE

155



T/ oo corroration

SPACE OPERATIONS

REVISION

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

Figure 103 STS-28B Forward Exit Cone Liner Section (0 deg)

-DocA Qo, TWR-17544 [ voL

SEC l PAGE

156

fll [}

| TR

\|

¢

|

ol



——

74 coo€ corroration

SPACE OPERATIONS

REVISION

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

ORIGINAL PAGE IS
OF POOR QUALITY

DOC NO. TWR-17544 l VOL

Figure 104 STS-28B Forward Exit Cone Liner Section (90 deg)

SEC | PAGE 157



ORIGINAL PAGE -
WCORPORAT/ON BLACK AND WHITE PHOTOGRAPH

SPACE OPERAT/ONS

A

L

Wl

Figure 105 STS-28B Forward Exit Cone Liner Section (270 deg)
n ﬂi 'l

pocno. TWR-17544 I voL
SEC | PAGE
158

REVISION



7W CORPORATION

SPACE OPERATIONS

x3eyo> [pe X gz 1 + uotrsoie X 7
1 - e = KAjejes jo utbaey
550UDTY3l JOUTT] wnwiuTw

8WTI)} uoI3IOdE JOo pue o013 peisnlpy aeyd psansesy

-d

S
Zv° 0 6E° 0 50°0 N YN YN VN ¥N 0T" 0 670 iiejes jo utbaey
80" 1 ZLe 1 8zZe" 1 TTe 1 96¢ "1 9t T | 24T 629°1 TEL'T L0§°T S558UYOTYIL 3I8UTT UTW WHSH
66°0 66°0 9z 1 YN YN ¥N YN YN 86" 1 2s 1 OVeZ T + AT
¥S° 0 6%°0 £6°0 YN ¥N ¥N YN YN 19°0 0L°0 »aeyd peysnfipy

L9°0 19°0 99°0 ¥N VN YN N ¥N 9L°0 8§80 iey) peansesy M

970 6T1°0 0£°0 YN YN VN YN YN 1%°0 Z€°0 uotTsol13 pesanseey v

~~

o

sea1bep QLT |

29

£
YN vN YN ¥N N N YN 810 SZ'0 o€ o 4Anejes Jo uthiey

BOb " 1 TLet BZE'T zze'1 96¢° T 9Zv° 1 24T 629" 1 TEL"T £08°T SSBUNDTYL 18UTT UTW WISY m

YN VN ¥N ¥N YN YN ¥N 8E° T 6€°T 681 D¥6Z T + 32 o

YN YN YN ¥N YN VN ¥N 85°0 85°0 LSO «3eyd paisnlpy S
N YN VN YN YR YN YN L0 [ ] TL°0 leyd peinsesl
¥N YN ¥N YN ¥N YN VN £€E€° 0 [ ] bE"D uoT1sol13 peansesy
seexbep 091
zZe' 0 LZ'0 ¥0°0 VN ¥N N N YN 81°0 12’0 Alejes jo uvbiel
g0% " 1 [/ S § 8z2¢" 1 [A A T ¢ 96¢° T 97V 1 24T 629°1 TEL" T LO§’'T SSOUXDTIYL IOUTT UTW WHUSH
Lo 1 80" 1 821 LN YN N ¥N ¥N Le-T 6V 1 OV¥GZ T + dZ
LS 0 95" 0 960 ©OWN ¥N VN ¥N YN §9°0 €970 «1leyod peasnipy
1L°0 0L 0 0L"0 I VN VN VN YN VN 18°0 6L 0 ieyD pPeINSeanW
81" 0 6T°0 62°0 YN YN VN YN ¥N £E€°0 St 0 U0IS013 POINSEdNW
seeibep 0f
VN ¥N YN N ¥N vN ¥N VN 9Z°0 TE"0 Ajejes jJo utbiew
80T ILE"T 8ZE¢"1 e 1 96¢°1 9z 1 [ 24T 6Z9°1 TEL" T LO8"T SSBUXDTYY 20UTT UTHW WYSH
VN ¥N YN YN ¥N YN N ¥R LE"T gE" 1 J¥SZ T + 32
¥N YN ¥N ¥N YN ¥N VN ¥N 85" 0 ¥5°0 «3eyd peasnlipy
N YN VN YN YN YN ¥N YN €L° 0 89°0 leyd peinsesy
VN N YN N ¥N N YN ¥N Z€0 SE'D UoTSO3IE peiInsesy
seexbep o

vE (41 8¢ | 24 0e 9T T 8 1 4 T

suotr3e3s ucT3eso] iernbuy

g

B1lR(J ABY) pPUR UOTSOIY duo0) 1ITXY pIemiog g87Z-SI1IS 01 2T9Rl B

>

w

4

U 1 S [ Y R

159

PAGE

SEC



7Aoo corroranon

SPACE OPERATIONS -
=
%
Carbon-Cloth -

Phenolic Carbon-Cloth
Phenolic -
w
Throat —
Aft End =
Throat Inlet B
Forward End =
-
0
{J / _» _
/ i
Steel .
AQ18692a-8 =
EA 913NA EA 913NA ~
Steel Glass-Cloth ~
— ee Phenolic =
C___/ -
Fwd End Aft End =
Metal-to-Adhesive Metal-to-Adhesive -—
Bondline Separations Bondline Separations

Radial Radial —

Location Separations Location Separation =
(deg) (in.) (deg) (in.) -
0-105 0.020 . 360 - 0.035 o
120-210 0.010 Circumferentially - =
225-345 0.020 -
=
’ =
Figure 106 STS-28B Throat Assembly Bondline Separations &
REVISION DOC NO TWR-17544 | vou ;

SEC I PAGE

160

nall



—

i

|

(]

7Aoo corroration

SPACE OPERATIONS

REVISION

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

ORIGINAL PAGE IS
OF POOR QUALITY

pocno. TWR-17544 l voL

STS-28B Throat/Throat Inlet Section (0 deg)

Figure 107

SEC [ PAGE 161



T4 coAo€ corrorarion - ORIGINAL PAGE
SPACE OPERATIONS =~ BLACK AND WHITE PHOTOGRAPH -

~ B

l\ e
[

t
1]

0

~28B Throat/Throat Imlet Section (90 deg)
rWH [

+;

[%2]

I

%]

1

[ee]

<

—

]
oM _

=]

&0
i) =1
[<THE -

pocno. TWR-17544 i voL =

REVISION
SEC | PAGE
162

0ig



[
W

l

O]

P

]

f 1l

{

TALOAOE corroration

SPACE OPERATIONS

REVISION

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

ORICINAL PAGE i
OF PCOR QUALITY

pocnvo. TWR-17544 I voL

Figure 109 STS-28B Throat/Throat Inlet Section (180 deg)

SEC I PAGE 63



ORIGINAL PAGE _

meomom BLACK AND WHITE PHOTOGRAPH
SPACE OPEHATIONS e e e L.
L ESCL SR -

-

-y

()

STS-28B Throat/Throat Inlet Section (270 deg)

Figure 110

=
-

Ll

REVISION pocno.  TWR~17544 [vm
- SEC l PAGE
64

i
i




165

&

3

v

«1%qD [pe X ¢Z'1 + uoTrsois X 7 —

T - - = A3ejes jo uibiey U

SSeuUld2TYy} JBUT] wnwrutm W

T

ewT) uUOT3IdE Jo pus o3 peisnipe Jeys peansvel ,

v o 19°0 8S° 0 ¥sT o0 Iv°0 I€°0 1z 0 Lo o I1°0 ST 0 LT 0 6T°0 L3ejes 3o utbaey
0TT" ¢ €867 ¢ TeET" ¢ 98S° ¢ 0TL" € 9Z9° ¢ Leg" ¢ €817 ¢ 087" ¢ P1e" ¢ Lvz-¢ PLTIT € SSBUXDTYL JI8UTT UTH WHUSH
6v°1 09°1 S0°Z £€°2 v9-¢ 9L 18" L6° T 96T 88° ¢ LL-z £9°2 o¥SZT T + dJT
Z9°0 9670 £€G5°0 vv-o Iv-o 8t 0 6€£°0 2870 %" 0 8v-0 £€v°0 £v-o x 1eyd peisnlpy
Z8°¢ SL°O TL°0 6S°0 SS° 0 10 2970 v o SS° 0 b9 0 Ls°0 LS°0 ieyd pasanseey
9¢°0 Ssvo0 69°0 68°0 90" 1 V1T 91" T 67°1 Tz 1 [ Sl ¢ 11 0" T UOTS013 peirnsesy
seesabep QLT
€€E°0 72870 ¥s°0 Zv-o 8e" 0 ZE"0 9z 0 9T°0 S0°0 0T"0 IT°0 €170 I1°0 £3e3es jo uthiew
0TT1"2Z €967 TEZ € 98S° ¢ 0TL € 979°¢ LIS ¢ L6t ¢ €8T ¢ 087" ¢ FTE € Lre e PLTI"E SSBUNDTYL IBUTT UTH WUSH
6S°1 oL 1T 0tr-z [0 4 69°¢ 9L°T 6L°C v6° V0" € 6672 86°¢ L8987 s$8°¢ o¥ST"T + 3T
£9°0 19°0 95°0 5670 9v- 0 [ 2 68" 0 [+ ) ov-0 6v°0 1570 £9°0 [4-3 ] » 1eyd peasnipv
v 0 18°0 SL°0O €L 0 19°0 £5°0 s°0 €S°0 £S°0 S$9°0 8970 TL°0 6970 leyp peinseely
ov- o Ly-o oL o 72670 90°T £ET° 1T ST'T TT°1 Lz 1 61°T (A B § 0T°1 (VR 1 UoTso13 peinseel

seexbep 091

9¢° 0 LST0 L0 0 L¥°0 LE" O 8Z°0 970 0z 0 S0°0 0T 0 £€T°0 £€T°0 £€T°0 Azeges jo urbaen
011" ¢ €867 7 TeET"Z 98S° ¢ 0TL ¢ 9Z9° ¢ LIS € L6E°¢E €817 ¢ 082" ¢ PIE € LvZ ¢ VLT € SSBUXDTYL I8UTT UTW WUSYH
SS°T $9°1 80°2 L4 a4 -z £9°¢ 8L " 2872 €07 ¢ 86°C $6°C L8°¢ 78" 2 O¥SZT" T + 3T
09°0 09°0 96¢°0 SS° 0 Ly 0 vv-o ve'o 2870 9¢€°0 T80 €S0 6v°0 €570 » Jeyd peisnlpv
08" 0 08" 0 SL"O €EL°0 £9°0 6570 S¥°0 £EV°0 8V 0 89°0 TL°0 S9°0 0L"0 deYd peinseey
ov-o 13 2 1] 69°0 8870 90°1 Y1i-1 8T T 71 67" T LT 1 P1°1 €1°1 80° T Uotrsol13 peiInsevew

sesabep o6

=
2
N 6" 0 €970 <T°0 IS0 Zv° 0 [ 3 1) 620 TZ°0 L0 0 ZT 0 910 00 TIC°0 Ajejes jo utbaew
% 0TT ¢ EBS " T TeET" T 98G° ¢ 0TL" € 99" ¢ LIS € L6E"E €81 ¢ 08T ¢ pTlE"E LVYT € VLT € S550UMDTYL I1euT]T UTW WHSH
Q <871 8S° 1 66°T [} S 4 Z9°7 sL°T EL°T 08°¢ L6°T ¥6"C 1 a4 | A4 t9°2 OVSZ 1T + 3¢
M 2970 9¢°0 €570 SF"0 %" 0 iv"0 SE"0 LE"D £E€°0 8y 0 ¥v°0 6€°0 6t°0 » Jdeyd pelsnlpy
Q £€8°0 SL°0 -0 19°0 S5°0 S 0 9%V "0 6V 0 ¥v-o0 ¥9°0 65°0 260 Z9°0 IeYD peanseey

. LE"D |4 2] 99°0 68°0 S0 T T 1 ST 1 LT 1T 87°1 LT 1 ST°T T1° 1 L0t UOTSOIJ pPeansvepn

4

W €T [44 oz 81 9T VT [ § 01 8 9 1 4 4 T seeabep p

W suoytjels uorTjeso0n] hﬂﬂﬁ@ﬁ<
. W N_

W ]

2]
3 ®lRQ 1BYD puE UOTSO1Y A[qUWessy 3Ieolyl g87-SIS 11 °T9ElL 2
Iy «c




7 W CORPORATION

SPACE OPERATIONS sz
-
;-;
Nose Inlet
Assembly =
CcCP
-504 Ring EA 946 =
Nose Cap
ccp =
-
A021881a-1 -
Aft End o
Metal-to-Adhesive =
Bondlin eparation
i Radial =
Location Separation -
(deg) (in.)
45-270 0.010 =
=
? ;
5
?
E
i
Figure 111 STS-28B Nose Inlet Assembly Bondline Separations” ?
REVISION pocno, TWR-17544 | vou §
SEC | PAGE
166




§

(i

(i

b —
L —1

7/ 0AO0€ corroration

SPACE OPERATIONS

REVISION

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

TWR-17544

DOC NO. l VoL

STS-28B Forward Nose Ring and Aft Inlet Ring (-503 and -504) Section (0 deg)

Figure 112

SEC I PAGE
167



77 coo€ corroration

SPACE OPERAT/ONS .

-

"

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

Figure 113 STS-28B Forward Nose Ring and Aft Inlet Ring (-503 and -504) Section

REVISION

., Lo

IVDOCNO‘ TWR_17544 | vOoL

(90 deg)

SEC T | PAGE 168

'

i I | i

(i

1



TAcool corrorarion

SPACE OPERATIONS

REVISION

‘."

ORIGINAL PAGE IS
OF POOR QUALITY

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

DOC NO.

TWR-17544

| vot

Figure 114 STS-28B Forward Nose Ring and Aft Inlet Ring (-503 and -504) Section (180 deg)

SEC

l PAGE

169



SPACE OPERATIONS

7ACoAOE€ comronaron

ta

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

REVISION

I

(v Ypoeno. TWR-17544 ! vo

STS-28B Forward Nose Ring and Aft Inlet RIng (-503 and -504) Section (270 deg)

Figure 115

SEC ‘ PAGE

170

gl 1

wi;

P

4

alll




T A oo corroramion - ORIGINAL PAGE
- SPACE OPERATIONS BLACK AND WHITE PHOTOGRAPH

ORIGINAL PAGE IS
OF POOR QUALITY

e
Figure 116 STS-28B Nose Cap Section (0 deg)

TWR-17544 | voL

= REVISION Dboc No.
SEC l PAGE

171



. ORIGINAL PAGE nt
T4 LOAOE corrorarion . a
SPACE OPERATIONS =+ S ,BLACK AND WHITE PHOTOGRAPH

& |

(1

STS-28B Nose Cap Section (90 deg)
|

Figure 117

|

I

bocvo  TWR-17544 | o
SEC IPAGE 172

REVISION




[

il

i

1Nl

I

\

o1

i1

{

11

T o o€ corrorarion

SPACE OPERATIONS

REVISION

ORIGINAL PAGE IS
OF POOR QUALIMTY

ORIGINAL PAGE
. ... - . BLACK AND WHITE PHOTOGRAPH

DOC NO.

TWR-17544

[vm

Figure 118 STS-28B Nose Cap Section (180 deg)

SEC

l PAGE



T4 ool cosrorarion
SPACE OPERATIONS . ., .. ORIGINAL PAGE

-~ AenSBLACK AND WHITE PHOTOGRAPK

pocNno. TWR-17544 l voL

REVISION

Figure 119 STS-28B Nose Cap Section (270 deg)

SEC l PAGE

174

LNV |




7 W CORPORATION

SPACE OPERATIONS

had Table 12 §TS-28B Nose Inlet Rings (-503, -504) Erosion and Char Data

Angular Location ' Stations
28 30 32 34 36 38 39

Ead 0 degrees

Measured Erosion 1.07 0.87 0.89 0.84 0g.81 0.81 0.83
s Measurad Char 0.63 0.63 ~0.62 0.51 0.50 0.56 0.65
— Adjusted Char* 0.47 0.47 0.47 0.38 0.38 0.42 0.49

2E + 1.25AC 2.73 2.33 2.36 2.16 2.09 2.15 2.27

RSRM Min Liner Thkns 3.508 3.252 2.950 3.182 3.200 3.026 3.000

Margin of Safety 0.28 0.40 0.25 0.47 0.53 0.41 0.32

i

30 degress

o Measured Erosion 1.09 0.90 0.90 0.85 0.87 0.94 0.96
o Measured Char 0.72 0.63 ~ 0.56 0.51 0.53 0.57 0.64
e Adjusted Char* 0.54 0.47 0.42 0.38 0.40 0.43 0.48
2E + 1.25AC 2.86 2.39 2.33 2.18 2.24 2.41 2.52
RSRM Min Liner Thkns 3.508 3.252 2.950 3.182 3.200 3.026 3.000
Margin of Safety 0.23 0.36 0.27 0.46 0.43 0.25 0.19

{Eg

180 degrees

= Measured Erosion 1.08 0.94 0.84 0.81 0.84 0.93 0.95
—_— Measured Char 0.71 0.63 0.59 0.56 0.51 0.54 0.66
Adjusted Char* 0.53 0.47 0.44 0.42 0.38 0.41 0.50
2E + 1.25AC 2.83 2.47 2.23 2.18 2.16 2.37 2.52
_ RSRM Min Liner Thkns 3.508 3.252 2.950 3.182 3.200 3.026 3.000
= Margin of Safety 0.24 "0.32  0.32 0.48 0.48 0.28 0.19
_ 270 degrees
— Measured Erosion 1.13 0.91 0.89 0.87 0.85 0.92 0.93
Measured Char 0.65 0.57 0.57 0.51 0.52 0.59 0.67
Adjusted Char* 0.49 0.43 0.43 0.38 0.39 0.44 0.50
_ 2E + 1.25AC 2.87 2.35 2.31 2.22 2.19 2.39 2.49
RSRM Min Liner Thkns 3.508 3.282 2.950 3.182 3.200 3.02¢6 3.000
~ Margin of Safety 0.22 0.38 0.27 0.43 0.46 0.26 0.21

* Measured Char Adjusted to end of action time

.

minimum liner thickness

Margin of Safety ® ————w—se-—-so———————————=——= - ~ 1
2 X erosion + 1.25 X adj char*

=

{
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Table 15  STS-28B Flex Boot Data Performance Margins of Safety

Max Material

Degree Remaining Affected Depth Margin
Location Plies __(in.) of Safety*
0 4 1.08 0.54
45 4 1.08 0.54
90 3172 1.24 0.34
135 312 1.24 0.34
180 4 1.08 0.54
225 4 ) 1.08 0.54
270 3 1/4 1.32 0.26
315 7 4 1.08 0.54
' " ""minimum overall thickness
* PMS = -1
. (1.5 x max material affected depth)
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POSTFIRE ANOMALY RECORD (PFAR)

1. PFAR NUMBER 3. INSPECTION LOCATION 4, REFERENCE SQUAWK NUMBER 5. REFERENCE PR NUMBER
360H005A-03 KSC X 1-24/1-97 28-010 PV6- 136878

2. COMPONENT PROGRAM TEAM H-7 A-2 6. REFERENCE IFA NUMBER 7. REFERENCE SPR NUMBER
NOZZLE o - N/A N/A

8. TITLE

FOREIGN RESIDUE ON AFT EXIT CONE LINER POLYSULFIDE GROOVE

9. CLASSIFICATION
OBSERVATION MINOR ANCMALY X MAJOR ANOMALY CRITICAL ANOMALY

........................................................................................................................

10. JUSTIFICATION OF CLASSIFICATION
This condition represents a significant departure from the historical database. Corrective action is required but
this problem has no impact on motor performance or program schedule.

11. PART NUMBER 12. SERIAL NUMBER 13. PART DESCRIPTION

1U76039-10 0000001 AFT EXIT CONE ASSEMBLY
14, REPORTED BY (NAME / ORGANIZATION / OBSERVATION DATE)

J. E. MILES / NOZZLE/FLEX BEARING PROJECT ENGINEERING / 08/13/89
15. RESPONSIBLE PROGRAM MANAGER (NAME / ORGANIZATION) 16. RESPONSIBLE POSTFIRE ENGINEER (NAME / ORGANIZATION)
E. L. DIEKL / NOZZLE PROGRAM MANAGEMENT E. D. MOSES / POSTFIRE HARDWARE EVALUATION

........................................................................................................................

17. RESPONSIBLE INTEGRATION ENGINEER (NAME / ORGANIZATION) 18. RESPONSIBLE ACTIONEE (NAME / ORGANIZATION)

H. D. HUPPI / SYSTEMS INTEGRATION ENGINEERING R. J. GEORGE / NOZZLE/FLEX BEARING DESIGN ENGINEERIN
19. DESCRIPTION (ATTACH PFORS, FIGURES, PHOTOGRAPHS, ETC.)

Foreign residue from 265 to 271 degrees and a small pinhole at 268 degrees were found on the forward surface of the
aftexit cone liner polysulfide groove.

20. HISTORY
This was a first-time RSRM occurrence.

........................................................................................................................

21. CAUSE
See continuation sheet,

22. CORRECTIVE ACTION
The postflight team will continue to monitor future postflight aft exit cone joints. Recommend this PFAR be
transferred to Thickol LSS office at KSC for review of leak check and polysulfide repair procedures.

23. RESULTS
KSC Thiokol LSS office has conducted a review of the leak check and polysulfide repair procedures associated with
this anomaly. Their attached response (ref. memorandum E690/RCH-90-A145, dated 5 March 1990) shows no apparent
polysulfide repair procedures, leak check operations, or PR conditions during 340H005A processing that would result
in the described foreign residue condition.

24. REPORT RESULTS TO RPRB? 26, APPROVAL THROUGH CORRECTIVE ACTION 27. CLOSURE
YES NO X RPRB SECRETARY: DATE: RPRB SECRETARY: DATE:
.- A /8/T. L. JOHNSON 09/06/89 N/A N/A
----------------------------- SIE: DATE:
25. RPRB MEETING DATES /S/C. A. RUSSELL 09/07/89 PM: DATE:
ORIGINATION: 09/06/89 PM: DATE: /S/E. L. DIEHL 03/29/90
CLOSURE : /S/E. L. DIEKL 09/07/89
REV. 2/1/90 TWR=17544
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CONfINUATION SHEET FOR PFAR NUMBER 360HO05A-03

21.

CAUSE (continuation)

Analysis of the residue shows it to be silicon dioxide (silica). There were no blowpaths through the joint,
indicating this did not occur during motor operation. This residue was in line with the leak check port at 268
degrees.

The pin hole was caused by removal of a small glass fiber during disassembly assessment. The pin hole was sectioned
and observed to terminate approximately 0.3 inch deep within the polysulfide. The fiber is believed to have been
introduced during polysulfide groove fill operations. At that time, nozzle processing was done in a
non-contamination controlled building (M113). Thiokol polysulfide groove fill operations (as of 360L006) are now
done in a contamination controlled facility. Airborne particulates such as small fibers cannot be introduced during
processing in the clean room environment (M113A).

TWR-17544
B



POSTFIRE ANOMALY RECORD (PFAR)

1. PFAR NUMBER 3. INSPECTION LOCATION 4. REFERENCE SQUAWK NUMBER 5. REFERENCE PR NUMBER
360H005A-08 KSC X T-24/7-97 28-032 PV6-137178

2. COMPONENT PROGRAM TEAM H-7 A-2 6. REFERENCE IFA NUMBER 7. REFERENCE SPR HNUMBER
NOZZLE A - N/A N/A

a. TITLE

FOREIGN MATERIAL FOUND ON FIXED HOUSING

.....................................................................................................................

9. CLASSIFICATION
OBSERVATION MINOR ANOMALY X MAJOR ANOMALY CRITICAL ANCOMALY

-------------------------------------------------------------------

10. JUSTIFICATION OF CLASSIFICATION
This problem wWas previously identified on 360L002 and planning was updated to add methy!l! chloroform cleaning step.

11. PART NUMBER 12. SERIAL NUMBER 13. PART DESCRIPTION

1U52862-01 0000014 FIXED HOUSING ASSEMBLY

14. REPORTED BY (NAME / ORGANIZATION / OBSERVATION DATE)

S. A MEYER / NOZZLE/FLEX BEARING DESIGN ENGINEERING / 08/17/89
15. RESPONSIBLE PROGRAM MANAGER (NAME / ORGANIZATION) 16. RESPONSIBLE POSTFIRE ENGINEER (NAME / ORGANIZATION)

E. L. DIEHL / NOZZLE PROGRAM MANAGEMENT E. D. MOSES / POSTFIRE HARDWARE EVALUATION
17. RESPONSIBLE INTEGRATION ENGINEER (NAME / ORGANIZATION) | 18. RESPONSIBLE ACTIONEE (NAME / ORGANIZATION)

C. A, RUSSELL / SYSTEMS INTEGRATION ENGINEERING R. J. GEORGE / NOZZLE/FLEX BEARING DESIGN ENGINEERIN

19. DESCRIPTION (ATTACH PFORS, FIGURES, PHOTOGRAPHS, ETC.)
white, sticky material was found on the fixed houstng forward of the primary o-ring at the EA-913 interface.

-------------------------------------------------------------------

20. HISTORY

--------------- e L L L L T R R LR R R R A R R

21. CAUSE
There was insufficient cleaning of the adhesive tape residue left subsequent to finalization of the liner bonding

operations.

............................................... P L L R L R R R R Ll L L I

22. CORRECTIVE ACTION
Update planning to adequately clean the surface after liner bonding operations.

........................................................................................................................

23. RESULTS
Manufacturing Engineering has changed the planning (see OCR PAR No. 159122) to include cleaning of the surface.

This is contained in Log No. 4B71M, Op. 065, Step 525. They will also discuss this situation with the operations
personnel. This procedure will be effective for Flight 108 and subsequent.

------------------------------- P L L L T I R R L R Y L

24. REPORT RESULTS TO RPRB? 26. APPROVAL THROUGH CORRECTIVE ACTION 27. CLOSURE
YES NO X RPRB SECRETARY: DATE: RPRB SECRETARY: DATE:
--- .-~ /S7T. L. JOHNSON 09/06/8% /S/S. T. MUNSON 02/15/90
------------------------------ SIE: DATE:
25. RPRB MEETING DATES /S/C. A. RUSSELL 09/07/89 PM: DATE:
ORIGINATION: 09/06/89 PM: DATE: /S/E. L. DIEHL 02/13/90
CLOSURE: /S/E. L. DIEBL 09/07/89
REV. 2/1/90
TWR-17544
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POSTFIRE ANOMALY RECORD (PFAR})

1. PFAR NUMBER 3. INSPECTION LOCATION 4. REFERENCE SQUAWK NUMBER 5. REFERENCE PR NUMBER
360H0058-13 KSC T-24/7-97 N/A N/A

2. COMPONENT PROGRAM TEAM H-7 X A-2 &. REFERENCE IFA NUMBER 7. REFERENCE SPR NUMBER
NOZZLE o= A N/A N/A

8. TITLE

FOREIGN MATERIAL FOUND IN NOZZLE JOINT #3

.............................................................................................................

9. CLASSIFICATION

...........

OBSERVATION MINOR ANOMALY X MAJOR ANOMALY CRITICAL ANOMALY
10. JUSTIFICATION OF CLASSIFICATION
This condition represents a significant departure from the historical database.
11. PART NUMBER 12. SERIAL NUMBER 13. PART DESCRIPTION
N/A N/A NOSE INLET-TO-THROAT JOINT
14. REPORTED BY (NAME / ORGANIZATION / OBSERVATION DATE)
L. E. WILKES / NOZZLE/FLEX BEARING DESIGN ENGINEERING / N/A
15. RESPONSIBLE PROGRAM MANAGER (NAME / ORGANIZATION) 16. RESPONSIBLE POSTFIRE ENGINEER (NAME / ORGANIZATION)
E. L. DIEHL / NOZZLE PROGRAM MANAGEMENT /
17. RESPONSIBLE INTEGRATION ENGINEER (NAME / ORGANIZATION) 18. RESPONSIBLE ACTIONEE (NAME / ORGANIZATION)
C. A. RUSSELL / SYSTEMS INTEGRATION ENGINEERING R. J. GEORGE / NOZZLE/FLEX BEARING DESIGN ENGINEERIN

........................................................................................................................

19. DESCRIPTION (ATTACH PFORS, FIGURES, PHOTOGRAPHS, ETC.)
puring Clearfield nozzle disassembly, black powdery residue was found in Joint #3.

------------------------------------------------------------------------------------------------------------------------

21. CAUSE
The black powdery residue was found to be a mix of charred RTV (DC90-006) and carbon cloth phenolic mixed with
seawater. During splashdown, this residue was forced into the joint. Reference memo 2463-FY90-MO41.

22. CORRECTIVE ACTION
No corrective action is required. Close PFAR.

23. RESULTS

N/A
24. REPORT RESULTS TO RPRB? 26. APPROVAL THROUGH CORRECTIVE ACTION 27. CLOSURE
YES X NO RPRB SECRETARY: DATE: RPRB SECRETARY: DATE:
A m-- /S/T. L. JOHNSON 09/07/89 /S/5. T. MUNSON 02/15/90
"""""""""""""""""""" SIE: DATE:
25. RPRB MEETING DATES /S/C. A. RUSSELL 09/07/89 PM: DATE:
ORIGINATION: 09/06/89 PM: DATE: /S/E. L. DIEHL 02/13/90
CLOSURE: /S/€. L. DIEHL 09/07/89

REV. 2/1/90
TWR-17544
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DISTRIBUTION

Recipient No. of Coples Mail Stop
K. Baker 1 L61B
M. Clark 1 427
E. L. Diehl 1 El4
T. Freston 1 242
J. E. Fonnesbeck 1 L62A
R. J. George 1 L62A
S. Graves 1 L50
D. Harris 1 L34
J. D. Leavitt 1 El4
D. Nisonger 1 M31
T. Olsen 1 411E
S. Olsen 1 L35
B. E. Phipps 1 L22
R. B. Roth 1 L83
G. Snider 1 411
R. K. Wilks 1 L62
L. G. Bailey 1 LOO
D. M. Smith, Jr. 1 L62A
D. M. Smith 1 L72A
S. Kulkarni 1 L0OO
J. V. Daines 1 L6l
D. Bright 1 L63
F. Hunsaker 15 E62A
H. Huppi 1 L63
Print Crib 5 K23B
Vault 1 K23E
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